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Pacific Miniatures’ new Douglas DC-7 1/50th scale model, made with the new 
rigid, foamed-in-place polyurethane Stafoam, a product of American Latex Pro- 
ducts Corporation. The model is made from a single mold, into which is poured a 
mixed liquid resin and di-isocyanate which foams completely throughout the 
cavity, curing itself in a matter of minutes. The new process cuts hours from 
the time usually required in model making. 
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ARE YOU 


MOLDIN 
NYLON? 


IMPCO VA4-175-19 — 4-6 OUNCES 


SPECIFICATIONS **No drool problem with this easily controlled 


Injection Capacity ene 4-6 oz. check valve type nozzle. 


*Vertical type press-ideal for insert molding. 


Plasticizing Capacity (Polystyrene). . . 75 Ibs. hr. | 
| P | 175t 

Clomp Presure If you are a nylon molder, you must investi- 

Clamp Stroke 8” Y Y y 

Die Thickness Max-14"...... Min-8” gate this Impco machine! 

Machine Cycle (Dry Run) i 7 Min. 

Auxiliary Bottom Ram 19 Tons 


IMPROVED MACHINERY INC. 


Dimensions Length-102", Height-112", Width-60” 
NASHUA, NEW HAMPSHIRE 


Weight Approx.-9000 Lbs. 
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PLASTIATRICS HELPS 
YOU CHOOSE AND USE 
PLASTICS CORRECTLY 


Are you getting the most out of the 
plastics you need? Do you have the 
best or the latest for your money? 
Are you satisfied that plastics are 
right for the job? That’s where Plas- 
liatrics comes in to provide a 
continuous study, analysis and treat- 
ment of plastics to understand, 
prevent or cure plastics problems. 
Dow, which produces polystyrene 
under the trade name Styron, con- 
ducts studies in many fields of plas- 
tics. For example, continuing studies 
are undertaken on extrusion. These 
are of significance to engineers and 
plastics molders. 
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/ 
DOW'S CLINICAL APPROACH TO HEALTHY PLASTICS APPLICATION | 


DOW'S STUDIES ON IMPROVED SCREW AND TORPEDO DESIGN HELP MAKE 
POLYSTYRENE EXTRUSION A MORE EXACT SCIENCE 


Studies for the development of a 
better screw and torpedo from poly- 
styrene extrusion are good examples 
of Plastiatrics at work. Manutacturers 
using machines equipped with a single 
flight screw and torpedo arrangement 
like this one shown here can profita- 
bly extrude high-quality polystyrene 
and get uniformly good results. One 
thing that was found in working out 
the details of this better screw was 
that single flight eliminates blocking in 
one channel and flowing in another, 
a problem of the double flight screw 
that more often than not produces 
wide variations in product output. 


Further studies of the torpedo have 
led to extensive findirgs, relative to 


the use of the torpedo screw, which 
are available by simply writing Dow. 


Standard pressure gage 
studies another area of 

Plastiatrics development 
Extensive Plastiatrics studies in extru- 
sion have been made on the proper 
design of dies, take-off equipment and 
cooling problems. Dow engineers, to- 
gether with plastics manufacturers, 
also developed a method for deter- 
mining optimum pressure and for 
providing reproducible extrusion per- 
formance using a standard gage. 


you can depend on DOW PLASTICS : 


Write for free bulletins 


Detailed results of Dow’s studies on 
extrusion are available to you, as they 
are on all work done in Plastiatrics. 
For further information, write today 
Dow Plastics Sales Department 
PL 456 Z-1, THE DOW CHEMICAL COM 
PANY, Midland, Michigan. 


DOW POLYSTYRENE FORMULATIONS: 


Styron') 666 . . . Dow general- 
purpose polystyrene 
Styron 688 .. . for controlled flow 
and controlled pressure distribu- 
tion in the mold cavity 


Styron 777... . for medium-impact 
strength. 
Styron 475 . . . for high-impact 
strength and high elongation. 
Styron 475 sheet... for Vacuum or 
pressure forming 

Styron 480 for extra-high-im- 
pact strength. 

Styron 700 . . . for high heat re- 
sistance. 

Styron 683 . . . for medium-high 


heat resistance. 
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PROCESSING TIPS 


Tailormade resins, 
a trend for the future 


The nation’s leading industrial forecasters pre- 
dict a polyethylene consumption of 850 million 
pounds for 1960 with the billion-plus pound 
per year foal only a few years away. Although 
much of this increased production will be con- 
surned by end-products already on the market, 
many new applications and new developments 
are expected to arise with the increased avail- 
ability of polyethylene resin 

Polyethylene molders and extruders, long ac- 
customed to working with a limited number of 
polyethylene types, will exercise increasing in- 
fluence over the properties of the basic resin. 
Resin suppliers will work more and more closely 
with the converters, especially manutacturers of 
new products, to supply them with resins having 
the best possible properties for each new appli- 
cation. This is a trend already well established. 
For example, here are a few of the 25-35 
PETROTHENE™ resins and variations that 
have already been tailored to specific processing 
situations and new end-use applications. 
1. INJECTION MOLDING: Molders want high flow 
for maximum production, high gloss for appear- 
ance, and a choice in degree of flexibility. 
PETROTHENE 202 and 203 have been tai- 
lored for large shot moldings; 200 and 201 for 
smaller shots and multiple cavity dies 
2. FUM: PETROTHENE 110 and 210 are 
tailormade for blown- and flat film extrusions. 
of slip can be controlled to meet cus- 
tomer requirements. PETROTHENE 213 has 
been selected in specific cases for transparency, 
hand and high production rates 
3. PAPER COATING: Converters want good adhe- 
sion, high production rates, resistance to hot- 
melt oxidation, no odor. PETROTHENE 203 
has been tailormade to fit these spe« ifications. It 
has been accepted by the pulp and paper indus- 
try aS an improvement in paper coating Taw 
material and is gaining in popularity for this 
vital and expanding application 
4. ELECTRICAL: The wire insulation manufac- 
turer requires polyethylene that gives stress- 
crack resistance, low deformation under load, 
and good all around electrical characteristics. 

PETROTHENE 300 series has been tailored 
to these end-use requirements. Type and quan- 
tity of antioxidant and color are specified by the 
customer or by the electrical specification code 


Deyree 


number 

5. BLOW MOLDING: Cube-to-cube uniformity, 
hot-melt elasticity, clarity — all essential proper- 
ties for this critical application have been built 
into PETROTHENE 201. Other PETRO- 
THENE types have been used ir. some cases for 
blow molding because of customers’ unusual 
processing techniques. 


6. EXTRUSION: PETROTHENE 560 (black) 
was designed to give good burst strength, high 
gloss and high extrusion rate for pipe manufac- 
turers. 


7. SPECIALTY APPLICATIONS: Requests come in 
for special properties, special forms. U.S.I. has 
tailored each resin type to fit customer require- 
ments so as to help the converter reach mass 
production and enjoy greater economies. Thus 
the converter can obtain his full share of profits 
from this forecasted billion pound market. 


SUGGESTED 
PETROTHENE® RESINS 
Application PETROTHENE No. 

Blow Molding 201 

Electrical 300 Series 

Film 110, 210, 213 

Injection Molding 
Large Shot 202, 203 
Small Shot 200, 201 

Paper Coating 203 

Pipe extrusion and misc. 560 (Black) 


Do you need a special resin? 


If your polyethylene product requires special 
properties, either in the finished part or during 
processing, why not call on U.S.1. for assistance. 
Experienced Technical Service personnel will 
work with you on every phase of your problem. 
A U.S.L. PETROTHENE resin, already devel- 
oped for a similar application, might be just 
what vou need. If not, depending upon the quan- 
tity involved, a special resin, tailored to your 
needs by U.S.L, might provide the answer. 


Tomorrow's prices will encourage new uses 


Today’s costs of producing quality polyethylene 
resins are relatively high and constant, but ex- 
perts feel that as producers improve quality 
and increase production, lower selling prices 
will follow. New products, now undreamed of, 
will be developed within the next few years to 
utilize the large available volume of this ver- 
satile plastic. 


USTRIAL CHEMICALS CO. 


Division of National Distillers 
Products Corporation 

99 Park Avenue, New York 16, N. we 
Branches in principal cities 
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Operator reads gauge on the hot-stick tester, part of the 
physical testing equipment in the Du Pont Film Department's 
new sales development and technical service laboratory. This 
device measures the surface characteristics of cellophane and 
other films at various temperature levels. 
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NOW... FASTER DELIVERIES 
D-M-E STANDARD MOLD BASES! 


EXPANDED FACILITIES 
SAVE YOU TIME. .! 


Now ... you can get FASTER DELIVERIES 
on the highest quality Standard Mold Bases even 
though the demand has reached an all time high! 


This availability has been made possible by the 
recent expansion in D-M-E’s manufacturing facili- 
tices. With D-M-E’s Hillside, New Jersey plant 
doubled and additions at the Detroit, Michigan 
plant completed, production of Standard Mold 
Bases is now geared to meet the ever-increasing 


demands of the Industry. 


This increased production has enabled D-M-E’s 
FIVE BRANCH WAREHOUSES to replenish 
their stocks and provide IMMEDIATE DELIV- 
ERIES on a wide range of standard sizes . . . This 
means ADDED SAVINGS in mold construction 


9” wide series available with 
time as well as ECONOMY in mold costs for you! ( dumeina indies oud solid dowels.) 


4,400 COMBINATIONS YOU GET TOP QUALITY 
SAVE YOU MONEY..! PLUS THESE ADDED FEATURES! 


22 Standard Width and Length combinations... 1. CLAMP SLOTS to Save Platen Space 

3” Yo" x 3514" 

From 9° x 8° to 177g" x 3512 Eliminates space-wasting “clamping ledges” 
100 Cavity Plate Combinations ... 2. MORE ROOM for Waterlines 


From 7° thick to 57” thick Tubular Dowels eliminate obstruction 


3. STOP PINS WELDED to Ejector Bar 


2 Special Types of Steel... 
Prevents loosening and ejection interference 


DME No. 1 Steel — 


Medium Carbon, silicon killed 4. RIGID CONSTRUCTION with Less Parts 
DME No. 2 Steel — One piece Ejector Housing gives added strength 
5. NEW WIDTHS Fit More Molding Machines 


heat treated to 225 Brinell. sigh 
Allows more cavities to existing platen area 


For complete data and prices ... 


CONSULT YOUR NEW D-M-E CATALOG! CONTACT YOUR NEAREST D-M-E BRANCH . . . TODAY! 


DETROIT MOLD ENGINEERING CO. 


6686 E. McNICHOLS ROAD = DETROIT 12, MICHIGAN w# TWinbrook 11-1300 
Contact Your Nearest Branch FOR FASTER DELIVERIES! 


HILLSIDE, N. J. NEWARK) 1217 CENTRAL AVE. ELIZABETH 3-5840 
CHICAGO 51, ILLINOIS w. oivision sTREET. coLUMBUS 1-7855 
DM CLEVELAND 14, 0.—D-M-E CORP. sa73 cr... enoicort 1-0907 

LOS ANGELES 7, CAL. 3700 soura MAIN STREET, ADAMS 3-8214 


D-M-E MASTER LAYOUTS are 
available for each of the 22 
different Standard Mold Bases 
sizes! See Page 164 of your 
D-M-E Catalog for complete 
ordering information. 
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Du Pont 


Pigments 
for Plastics 


offer compounders excellent heat stability and resistance to 


crocking and migration. These Du Pont pigments possess 


good dispersibility and lightfastness. ‘“Watchung”’ Reds are 
b available in a wide shade range, and rigid quality control : 
’ during manufacture is assured by thorough testing. 

i If you're making or compounding plastics, these Du Pont 


pigments may help you produce new and improved products. 


For technical help with any plastics pigmenting problem, F. 4 


consult Du Pont. Technical experts will gladly work with : 


you in finding a solution. For full information about Du Pont Ny 


pigments and technical service, call your Du Pont represen- 


tative, or write: E. I. du Pont de Nemours & Co. (Inc.), 


Pigments Department, Wilmington 98, Delaware. In Can- is 
ada—Du Pont Company of Canada Limited, P. O. Box 660, 


Montreal, Canada. 
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Better Things for Better Living...through Chemistry 


QUALITY PIGMENTS FOR PLASTICS 
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No. 12 of a series to introduce you to some of industry's outstanding plastics craftsmen 


The artisan has traditionally been moved by the desire to master a 
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material. In the old days the inspiration came from gold and silver, steel 
rtd and stone. Today, new materials are at hand—but the challenge 
y mis > core ge pore | H | has not changed. The same priceless skills are now working with the 
y fabulous family of plastics to produce articles by the million that 
‘an serve every industry, every home. 
Two of these 20th Century craftsmen are pictured on this page. 
Monsanto, a major producer of high-quality plastic materials, salutes 


these men who are helping to mold America’s tomorrow. 


George J. Kovacs, General Machine & Tool Co., Walled Lake, 
Mich. A mastery of metal molding backgrounded Mr. 
Kovacs’ entry into the plastics field, where he lost no time 
in pioneering new techniques that have been invaluable in 
advancing plastics technology. He engineered the mold for 
one of the first styrene radio cabinets—a 32-0z. part which 
he successfully produced on a 24-0z. machine. With a fond- 
ness for big moldings, Mr. Kovacs recently put into opera- 
tion a 400-0z. mammoth that will turn out 25-lb. parts, said 
to be the world’s largest injection press. 


MONSANTO CHEMICAL COMPANY, 
PLASTICS DIVISION, SPRINGFIELD 2, MASS. 


Glenn S. Bowers, Cambridge Panelyte Molded Plastics Co., 
Cambridge, Ohio. Chief Tool Engineer Bowers has for 12 
years been developing in-shop techniques that embody 
some of the most intricate engineering in the industry. He 
brings the ingenuity of the craftsman to designing molds 
used in both injection and compression molding. Bowers’ 
jobs have ranged from the large single-cavity tool required 
to produce the door liner for an 11-cu. ft. refrigerator toa 
four-cavity “family” mold that turns out the handle and 
base components for an electric toaster, all in one piece. 


When your plans call for plastic parts or products, consult an expert custom molder 
L | 
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A TECHNICAL REPORT 


from Du Pont 


. Properties and application data 


on Teflon® tetrafluoroethylene resin 


Chemical inertness and exceptional thermal stability are high 
on the list of advantages of Du Pont “Teflon” tetrafluoro- 
ethvleae resin. The toughness and excellent dielectric proper- 
ties of this engineering material add further to its versatility. 

“Teflon” is nonflammable, and has zero water absorption by 
ASTM test D570-42. Often useful is its non-adhesive quality 
... materials will not stick to its surface. On the right, you see 


how engineers have made use of the unique properties of 


Teflon” in three typical product improvements. Property data 
for Du Pont “Teflon” is shown below. 

Take a close look at “Teflon” to evaluate it in terms of your 
own product design problems. For further information on 
Teflon” write to: FE. I. du Pont de Nemours & Co. (Ine.), 
Polychemicals Department, Room 423, Du Pont Building, 
Wilmington 98, Delaware. In Canada: Du Pont Company of 
Canada Limited, P.O. Box 660, Montreal, Quebec. 


Pipe coupling uses flexible bellows of “Teflon.” Flexibil 
ity of “Teflon” « om pensates for misalignment between pipe 
connections, and absorbs vibration. None of the chemicals 
normally found in industry affect “Teflon.” 


Extruded hose 
materiabof Teflon’ 
is strong, flexible 
corrosion-resistant 
assures long. trouble 
free service. “Teflon” 
is unaflected by sol 
vents and hasa useful 
temperature range of 
150 F. te 


Tough bushings of 
“Teflon” are used on this 
textile dyeing machine 
which operates under 
high-temperature condi- 
tions and pressure. The 
bushings are not corroded 
by the dyes, and do not 
distort from the heat or 
pressure. They require no 
lubrication. 


MECHANICAL PROPERTIES METHOD ELECTRICAL PROPERTIES 
Tensile Strength ig 2 1,800 p.s.i D638-52T Dielectric strength, short-time, - 
170 F 1,100 p.s.i D638-52T 0.080 in 400-500 v mil D149-44 
Elongation 73 F 110% D638-52T Volume resistivity » 10 OHM-CM 0257-521 
170 °F 600% 0638-52T Dielectric Constant, 60 cycles 2.0 D150-54T 
10° cycles 2.0 D150-54T > 
Modulus of elasticity 77°F 58,000 p.s.i 0638-52T 10° cycles 20 D150-54T - 
Shear strength 3,800 p.s.i 0732-46 10* cycles 2.0 D150-54T 
Impact strength, Izod — 70°F 2.0 Ft.-Ib. in 0256-47T Power factor, 60 cycles < 0.0003 D150-54T 
i 73°F 3.0 Ft.-Ib. in 0256-47T 10° cycles 0.0003 D150-54T 
H 10° cycles 0.0003 D150-54T 
i Stiffness 73°F 60,000 p.s.i. D747-50T 10° cycles 0.0003 D150-54T 
Flexural strength 73 F. Did not break D790-49T 
Compressive stress at 1% 
deformation 600 ps.i D695-52T CHEMICAL PROPERTIES t 
Creep in flexure 67 . Resistant to: all chemicals except molten 
Hardness, Durometer 050-D65 0676-49T alkali metals and fluorine 
under elevated temperatures 
Static or kinetic coefficient of and pressures) 
friction against polished steel 0.04 Various methods used 
MISCELLANEOUS PROPERTIES 
THERMAL PROPERTIES Water absorption 0.005% 0570-42 
Coefficient of linear thermal Flammability nonflammabie 0635-44 
Thermal conductivity 1.7 B.T.U. hr./ Measured by > 
Basic color light opaque 
sq.ft. °F./in Cenco-Fitch 
Specific heat 0.25 


Deformation underload at122 F., 


2000 Ib , 24 hrs. 25% D621-48T ia 
Heat-distortion temperature ZYTEL” ALATHON® TEFLON® LUCITE® 

264 Ib. sq. in 140 °F. 0648-45T 
66 Ib. sq. in 250 'F. D648-45T nylon polyethylene tetrafluoro acrylic 


resin resin ethylene resin resin 
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Celanese 
CORPORATION OF AMERICA 


invites you fo test the new 


(CELLULOSE PROPIONATE PLASTIC) 


High Performance Thermoplastic Molding Material 
with Outstanding Range of Balanced Properties... 
Available in Choice of Colors and Formulations 


Can you use a plastic that combines great strength with form 
retention? A plastic with sparkling color, surface beauty, unusual 
weatherability, and absence of odor? 

The answer is FORTICEL! 
If you're a molder, perhaps you're looking for a plastic with a 
shorter molding cycle. A plastic that gives stronger welds... 
superb molded detail .. . improved surface finish ., . high surface 
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luster, that requires no polishing or buffing. 


Or you're a fabricator who needs a plastic with 
high impact strength. A highly machinable plas- 
tic that can be sawed, cut, drilled, threaded and 
punched with far less danger of stress lines and 
crazing. 


For this brilliant new Celanese plastic combines 
—in a single material--a fine balance of color, 
surface beauty, absence of odor with all the most 
wanted physical properties. 


Being a cellulosic, Forticel is a naturally tough 
material. Its impact strength is a measure of its 
toughness. Because it is odorless, it is the perfect 
plastic for personal articles such as shaver hous- 
ings and cases, sunglass frames, toothbrushes. 


Where machinability is of vital importance, as 
in the fabrication of fountain pens, mechanical 
pencils, scale model trains, and appliance hous- 
ings, Forticel again meets the most rigid speci- 
fications. 


NEW FACILITIES FOR FORTICEL 
To be certain that the supply of Forticel raw mate- 
rials will be adequate to meet the anticipated de- 
mand for this outstanding plastic, Celanese has 
installed new facilities for their production. This 
will insure a dependable source of supply. These 
facilities will produce propionic acid and other 
petrochemicals necessary to Forticel manufacture. 


AVAILABILITY 
Forticel is available in a full color range, and sup- 
plied in uniform pellet size. If you haven't already 


Celanese Corporation of America, Plastics Division, 
Dept. 170-C, 290 Ferry Street, Newark 5, N. J. 


NAME 
COMPANY _ 
ADDRESS____ 
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done so, you should evaluate this brilliant new 
plastic immediately. What it can do for personal 
articles is an indication of the promise it holds for 
a variety of fields: automotive, electrical, house- 
hold, fashion, sports and toys. 

Send for our new product bulletin on Forticel. 
It tells the complete Forticel story from its chem- 
ical and physical properties to its molding and 
fabrication. Just fill out and mail coupon below. 


Typical Physical Properties of Forticel 


Flow temperature (°C.)(A.S.T.M.). . 0569-48 167—178 
Specific gravity... . 1.18—1.21 
Tensile properties:. Yield (p.s.i.). . . . D638-52T 3380—5020 
Break (p.s.i.) . . . D638-52T 3470-5240 
Elongation (%). . . D638-52T S6—66 
Flexural properties: Flexural strength. . 
(p.s.i. at break) . . D790-49T 6400—8500 
Flexural modulus. . 
(10° p.s.i.) . . . . D790-49T 0.23—0.30 


Rockwell Hardness: (R scale)... ... D785-51 62—94 

Impact. . . . (ft. Ib./in. notch) . D256-43T 2.7—11.0 

Heat distortion .. (°C.) D648-45T  58—70 

Water absorption— Sol. lost ... . 0570-42 0.00—0.08 
Moisture gain. . 570-42 1.5—1.8 
% Water absorption 0570-42 


1.6—1.8 


plastics 


*Reg. U.S. Pat. Off. 


Send me New Product Bulletin NP-16 on Forticel* Plastic. 
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TURN OUT BIGGER MOLDS 


--- AND DO IT FASTER 


to serve the customers of Newark Die 


The new machine tool facilities of New- 
ark Die Company are housed in a modern 
building that is designed throughout for 
the efficient handling of molds in really big 
sizes. Floors are constructed to withstand 
heavy loads. Overhead cranes and other 


up-to-the-minute materials handling equip- 


NEWARK DIE COMPANY 


22 SCOTT STREET, NEWARK 2, N. J. 
Phone: MArket 2-3305 


ment keep big molds moving smoothly 
through the plant. 

This plant expansion has greatly increased 
our ability to provide prompter, more eco- 
nomical service on molds, hobs and hob- 
bed cavities — with even greater accuracies 


than ever before. 


War 


: 

+ 

+ 


The Utility of : 
ity Testing 


C. H. Adams, G. B. Jackson, and R. A. McCarthy 


Monsanto Chemical Co. 


Introduction 

HE MOST COMMONLY accepted quality criterion of 

rubber modified styrene materials since their concep- 
tion has been a notched impact test. The stature of this 
method of evaluation, more specifically the notched Izod 
impact test ASTM-D256—47T, is evidenced by the nomen- 
clature “High impact styrene” in common usage through- 
out the plastic industry. Field experience, however, has 
demonstrated that, in itself, this evaluation technique is 
not completely adequate. For this reason a more useful 
and reliable criterion of a material’s “toughness” level 
has been developed on the basis of a variety of evaluation 
techniques. 


Toughness 

The term “toughness” is a nebulous one. In most 
cases, a2 material must be considered in terms of specific 
applications to select or design test procedures which 
will adequately estimate its toughness level, Styrene- 
rubber materials are most often evaluated subjectively 
in the field by qualitative means. Direct comparative type 
evaluations based on experience with other materials are 
used. To cite a typical example, an impact styrene may 
be considered tough because it can be twisted or bent 
back and forth through an are of 180° without breaking. 
This technique stems from the observation that both 
rubber and polyethylene, which are generally considered 
tough materials, can withstand this treatment. However, 
current styrene-rubber materials are not able to with- 
stand this treatment since they pass through a “yield” 
point of a flex of much less than 180°. Consequently, this 
particular test is much too severe and unrealistic; and 
these materials should not be used in applications where 
this degree of flexing is a performance prerequisite. 

To most people a styrene-rubber material is con- 
sidered tough if it can withstand a hammer blow or other 
type of “shock” treatment without fracture. This is an- 
other way of saying that the material must be able to 
absorb or dissipate a rapidly applied energy load without 
fracture. 

The following properties are known to be intimately 
related to the ability of a material to withstand shock 
loads without failure. (1) 

1. Damping — In essence, this property is an esti- 

mate of the energy absorption characteristics of 
a material. The complexity and non-uniformity of 
instrumentation and analysis of results in damp- 
ing evaluations lead to the general conclusion that 
until a much higher degree of test development is 
attained, this evaluation technique must be con- 
sidered te be of limited utility. Furthermore, the 
rate of energy application utilized in many of 
these techniques is in a lower range than that 
found in shock loading. (2) 
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2. Rigidity — The rigidity of a material as asecer 
tained by tensile, flexural or dynamie modulus de 
terminations is an important factor in the tough 
ness level of a styrene-rubber material, A material 
with a high degree of flexibility is able to dissipate 
more efficiently the energy of a rapidly applied 
load without failure. The major drawback of 

rigidity measurements as normally made is the low 
test speed 0.05” min. for tensile ASTM——D638 
49T and 0.1” min. for flexural ASTM—D790-49T. 
The above tests were designed primarily for speci 
fication purposes and the loading rates employed 
are obviously not a good approximation of those 
found in shock loading. These unrealistically low 
rates are still used because of the lack of a stan 
dard high speed tensile test device necessary to 
obtain a more realistic assessment of engineering 
behavior. 

3. Strength — The strength of styrene-rubber is de 
termined both in flexure and tension by the 
same ASTM methods utilized in rigidity determina 
tions. This property is of obvious importance in 
determining resistance to fracture. However, the 
speeds used, as in the case of modulus determina 
tions, are not realistic in assessing resistance to 
shock loading. 

1. Ductility — The degree of ductility or elongation 
at yield and at fail also is determined both in 
tension and flexure by the same standard ASTM 
methods as in rigidity and strength determinations. 
The degree of elongation prior to failure is of im 
portance in view of the fact that a material with 
relatively high elongation can deform, allowing 
dissipation of the applied stresses without frate 
ture. The major drawback of this test onee more 
is the rate of load application. 

While it is realized that the above properties are 
involved in the “toughness” of styrene-rubber materials, 
it is virtually impossible with the degree of technology 
attained at this time to determine the relative magnitude 
of their individual importance. Furthermore, as mentioned 
above, it is known that styrene-rubber materials are 
sensitive to the speed at which these tests are conduct 
ed. (3) However, instrumentation limitations have neces 
sitated standardization for specification purposes at the 
above low loading rates. To obtain information of greater 
minimum of 


significance, these tests must all be run at 
two widely separated rates. 


Izod Impact Strength As A Toughness 
Criterion 


It is felt that Izod impact strength is a measure of 
the combined effects of the before mentioned properties. 
However, in its present form, ASTM—D256-47T, which 
was also developed for specification purposes, is too severe 


Thirteen 


: 


and restricted. It does provide an estimate of impact re- 
tunce which is of some practical significance. The actual 
peed at which the sample is broken in this test is govV- 


erned by the radius of the notch which acts a8 a means 


of concentrating the applied stress. (4) In the case of 


most rigid thermoplastic materials which are known to 
be speed sensitive, the actual test speed developed at 
the root of the standard 0.010 inch noteh is much higher 
than normally encountered by these materials when shock 
louded in end-use applications. It was therefore decided 
that the rate of energy loading should be studied via the 


avenue of varying notch radii. 


Test Speed 


The effects of varying test speed by altering notch 
radius or straining rate were investigated employing 
increment radii variations encompassing a range of 
MOTO" to O175". Three rubber modified styrenes, two 
rigid vinyls and one unmodified styrene were included 
in the study. Styrene test specimens consisted of gate 
and dead ends of 4%” x 14” x 5”, &-oz. injection molding 
x x 2'2” specimens machined from 


bars and 
compression molded slabs. Vinyl specimens were machined 
from commercially available rigid sheet stock. 

Specimens were notched using a lathe with a milling 
attachment and a single tooth milling cutter with a linear 
peed of 5900 inches per minute, The actual cutter feed 
varied to some extent with material and notch size. This 
feed was manual and rate was governed by the operator 
who regulated speed to obtain a smooth cut and avoid 
unnecessary heating of specimens. Close tolerances 
(° O.005°) was maintained on the angle of radius of the 
eutter tip in order to control carefully the degree of stress 
concentration at the base of the noteh during testing. A 
2 to 4 foot-pound capacity pendulum type Izod impact 
test apparatus of Bell Laboratories’ design, manufactured 
by Baldwin Southwark Corporation, was used throughout 
the program. Five specimens were tested for each point 


determination, 


The effects of changes in speed are more pronounced 
in the rubber modified materials than with unmodified 
styrene (see Figure 1.) This effect varies to some extent 
With the types of styrene-rubber materials investigated 
as shown in Figure 2. While this difference is relatively 
small, it is conceivable that with certain styrene-rubber 
combinations, a much larger difference would be present. 
Figure % demonstrates the profound effects of varying 
notch radius on highly speed sensitive materials; unmodi- 
fied rigid vinyl specimens are compared with styrene- 
rubber to illustrate this effeet graphically. It may be 
noted, the two materials are comparable at 0.010” noteh 
but vinyl is far superior at larger radii (lower speeds). 

From this work the advisability of utilizing more than 
one test speed is evident. The actual differences in loading 
rate have not been adequately defined at the present time 
lue to the extremely complex nature of the problem. 


Test Temperature 

A second factor which was investigated is the effect 
f temperature, Temperatures of from 10> to 455°C 
were attained through the use of a 27 cu. ft. chamber 
utilizing dry ice and electrie heaters to control tempera- 
ture. This chamber is designed to allow conditioning of 
test equipment as well as specimens at desired tempera- 
ture. Samples were conditioned for a minimum of one 
hour prior to testing. 

It was determined that temperature variations do not 
greatly affect values for unpigmented general purpose 
styrene. Rubber modified materials, however, are quite 
sensitive to test temperature, Rigid vinyl materials are 
extremely temperature sensitive at larger noteh radii 
(low test speeds). As is evident in Figures 1 and 4, 
changes in test temperature producing changes in modu- 
lus of elasticity are of less importance than noteh radius 
Variation in shifting levels of impact resistance. 

It was noted that a difference in temperature sensi 
tivity existed between the various types of rubber modi- 
fied materials evaluated (Figure 5). Consequently, in 
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evaluating a styrene-rubber material for applications 
where abnormal temperature conditions are anticipated, 
this type of evaluation should be run 


Sample Preparation 

The greatest single variable in Izod impact evalua- 
tion and the one which without question is responsible 
for the major portion of the lack of agreement among 
laboratories within the industry and the lack of correla- 
tion with field experience is that of sample preparation. (5) 
The principal fabrication method for styrene-rubber ma- 
terials is injection molding. Hence, test specimens for the 
evaluation of these materials have historically been pre 
pared by injection molding techniques. These molded test 
specimens are, by the nature of the process used to pre 
pare them, oriented and internally stressed to varying 
degrees. 

The effeets of orientation on the mechanical proper 
ties of polystyrene have been studied in some detail by 
several investigators. One theory explaining these effects 
is the “domain” theory of molecular distribution and 
grouping. (6) In essence, this theory describes poly 
styrene as being made up of groups of long-chain mole 
cules arranged in a parallel fashion to comprise cylindrical 
forms with their major axes parallel to the linear dimen 
sion of the molecules. These cylinders or domains exhibit 
considerably greater tensile strength in the longitudinal 
direction than in the transverse. 

In an essentially unoriented (isotropic) compression 
molded specimen, these domains are randomly distributed 
thereby imparting uniform strength properties through- 
out the molding. However, in an oriented (anisotropic) 
molding, produced for example, by an injection molding 
technique, where foreed molecular alignment has taken 
place, a preponderance of these domains are arranged 
with the strong axes parallel to each other, Consequently, 
the strength is substantially higher when the stress ts 
applied in the direction of orientation than when applied 
in the transverse direction. No good explanation is offered 
concerning inter-domain forees which are undoubtedly 
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significant contributory factors in ultimate strength of 


anisotropic styrene moldings. 


Much of the work done to date in the evaluation of 


anisotropy and its effeets has been done in the unmodified 
styrene area, However, very similar behavior noted 
in the styrene-rubber materials. Complexity and = varia 
ations of molecular structure in these modified materials 
unquestionably alter the magnitude of these effects. 
Consequently, widespread differences may be anticipated 
in the use of various types of styrene-rubber molding 
compounds. 

The injection molding techniques empioyed the 
preparation of these test specimens (due to the configura 
tion required) invariably result) uni-axial orientation. 
Also, the test procedures are such that specimens are 
broken transversely to the direction of domain alignment 
thus giving maximum impact results. 

There are several factors governing the developed 
level of Izod Impact resistance ino an injeetion molded 
test specimen, Unless these factors are considered and 
the respective levels of their effeets defined at least quali 
tatively, no accurate estimate of toughness can be made 
The foremost of these factors is the relative ease with 
Which the material fills the die. This faetor governs the 
degree of orientation and respective strength level present 
in the finished molding. Styrene-rubber materials differ 
considerably in this property as it is evidenced in Chart 
1. Material B in this chart shows a much smaller pet 
! 1 


centagewise decrease in strength from the x 


specimen to the ts x specimen than that evidenced 


by A and C, There also is a much smaller differential 


between the two ends of the 's” x 's” specimen in spee 
mens molded of this material. 

As will be shown subsequently, for a given inherent 
level of “toughness”, the less tendency ao omatertal haus to 


orient, the higher the “toughness” level of the finished 
molded article will be. The ability of a material to be 
molded with a minimum degree of orientation is an ex 
tremely complex function of molecular weight, structure 
and degree of internal and external lubrication. Super 
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imposed on these is the variability associated with the 


molding apparatus. Chart 2 gives a summary of the con- 
tribution of both testing labs and molding labs to the 
verall statistical variation of data obtained from a round 
robin Izod impact test program conducted as a coopera- 
tive effort between major raw material suppliers. Right 
ibs conducted tests; four molded test specimens and 
xteen materials were involved ranging from general 
purposs tyrene to super impact styrene rubber. Dif- 
ferences n impact values related to molding were much 
yreater than those due to testing. It is felt that dif- 
ferences in molding apparatus, i.e., mold design, machine 
capacity, heat, ete. were responsible for these variations. 
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The problem of property degradation caused by 
thermally induced polymer modification can be a major 
one in certain instances. If higher than normal molding 
temperatures and relatively long cycles are employed, 
these changes may be quite pronounced. Chart 3 demon- 
strates the type and degree of these as found in styrene- 
rubber materials. Although excessive heat for prolonged 
periods is avoided in most molding operations, it should be 
considered in any comprehensive toughness evaluation. 
The varying degree of property modification evidenced in 
these data is due to basic molecular structural differences 
in the molding materials. There is strong evidence that in 
the case of material B there is a copolymerization reaction 
resulting in the observed property level shift. Oxidation 
type degradative reactions also have been noted in some 
styrene-rubber materials (7). 

The full significance of strength differences caused 
by orientation and degrees of flow was demonstrated 
by molding and testing edge gated 4's” x 4%” wall tile 
specimens using an 8-oz. Reed Prentice molding machine 
and intentionally controlling conditions to give a high 
degree of orientation. The magnitude of difference of 
strength with direction was determined by cutting speci- 
mens normal and parallel to the direction of flow and 
running a standard Izod impact evaluation on them, As 
can be seen from Chart 4, the percentage increase in 
strength from samples cut in normal direction to those 
cut in the parallel varies from approximately 500% in one 
material (B) to nearly 2000% in another material (A). 
The “inherent” or unoriented impact strength of these 
materials as determined by tests on compression molded 
bars also is included in Chart 4. It has been determined 
that to obtain meaningful results from compression mold 
ed styrene-rubber specimens, it is necessary to prepare 
them from reground injection molded material. This ma- 
terial must be used so that a degree of working com 
parable to injection molded specimens (both thermal and 
mechanical) and lubricant dispersion is attained (8). 

(Please turn to page 56) 


chart no. 4 


MAPACT VARIATIONS AS FUNCTION 


OF DIRECTION OF ORMENTATION 


SAMPLES TAREN TO DECTION OF ORIENTATION TOO wract vats 

Mores 

a 5) 548 

72 

408 

SAMPLES TAKEN NOBMAL TO OF OMENTATION wract vavuts 

Mote 

20 28 

a 

WAPRESSION PEC 
a , 
overage of 
sat Tre ‘ 
> + Para mer 
SELECTION Noe nal Specimens 


BALL DROP IMPACT 


chart no. 5 | 


Oram of 66 ger Stee! Ball to BON 


ON MOLDED ThE 


nx 


valve overage of 40 


SPE JOURNAL, March, 1956 


| 
he 
* 
i 
~ 
| 
| 


COVWULC 


adiation and Polymers 
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IN THIS PAPER an outline will be given, in gen- 
eral terms, of possible mechanisms by which high 
energy radiation induces chemical changes in polymeric 
materials. Previous authors (1,2) have discussed the vari 
ous processes by which neutrons, gamma rays, beta rays, 
ete., undergo primary interaction with matter. Although 
these primary mechanisms of interaction are fairly 
specific, depending on the type of particle and its energy, 
the secondary processes which account for most of the 
chemical changes do not seem to differ greatly with the 
type of radiation, except that the penetration by particles 
of the same energy depends strongly on their type. 

The action of radiation on condensed matter, such 
us water and organic liquids, has recently been discussed 
by Burton (1) and by Samuel and Magee (2) with the 
use of a spur model, Its essential features are that along 
the paths or tracks of the rays, interactions occur which 
create small localized areas of ionization ealled “spurs.” 
The lifetimes of processes connected with this spur model 
have been discussed by Magee (3). Qualitatively, it seems 
evident that the lifetime of ionic species are very short 
compared to those for free radicals. In a polymer below 
the glass transition one might expect free radicals that 
are parts of long chains to have a very long lifetime, 
i.e., days or months. Evidence indicative of this will be 


mentioned later in this article. 


Radiation Effects On Small Molecules 

The view that chemical changes produced by radia 
tion in organic materials involve free radicals receives 
considerable support from polymerization studies, Poly 
merization also affords a method of measuring quantita 
tively the stability of various substances towards atomic 


radiation. A good example of this type of work and of 


the results obtainable is that carried out at the Laboratoire 
de Chimie Physique, Paris (4). At fairly low dose rates, 


5 to 50 rhr, various monomers showed quite different 


rates of polymerization. The relative polymerizabilities 


of some common monomers were: vinyl acetate 
methyl acrylate vinyl chloride methyl methacry 
late acrylonitrile styrene. Inhibition by antioxidants 


was observed, as well as a square root relationship be 
tween radiation intensity and rate of polymerization. This 
behavior is common in radical polymerization. 

It was also shown that the addition of various sol\ 


ents to the monomers caused increases in the rates of 


polymerization. These systems were treated theoretically 
ilong the lines cf accepted polymerization kinetics and 
estimates made of the production of free radicals re 


sulting from irradiation. These estimates were checked 


by a second method; the disappearance of a colored stubla, 
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free radical, diphenyl pieryl hydrazyl (DPPH), which 
was placed in the solvents during exposure to capture 
radicals produced by radiolysis. The results of this work 
are shown in Table 1. The last column on the right shows 
the energy yield estimated by equating 's the free radieals 
measured to the number of bonds broken and making 
assumptions based on the structure of the solvent as to 
What bonds were broken, Then, using known bond energies, 


Table | 
Production of Free Radicals by y. Irradiation of Organic 
Liquids (4) 


Free Radicals 


Produced Energy 
Compound per 100 ey Yield 
Aromatics 
Benzene 1.8 4.0 
Styrene 1.6 2.8 
Toluene 3.1 5.3 
m-Aylene 6.3 11.0 
Mthylbenzene 9.0 15.0 
Nitrobenzene 1.5 7.8 
Halogenated 
Aromatics 
Chlorobenzene 17.5 26.0 
Ortho dichlorobenzene 5.5 
Aliphaties 
Acrylonitrile 2.7 1.6 
n-Heptane 9.9 17.0 
n-Octane 11.4 20.0 
Cyclohexane 14.3 24.5 
Methanol 24.0 11.5 
Propanol SOLO 51.5 
Kether 24.5 1.0) 
Methyl acrylate 23.5 105 
Methyl methacrylate 27.5 17.5 
thy] ucetate 32.0 
Vinyl acetate 33.0 57.0 
\ctone 50.0 87.0 
Halogenated 
Aliphaties 
Ethyl bromide 28.0 39.0 
1, 2-dichloroethane 11.0 61.5 
Chloroform 
Bromoform 57.0 
Carbon tetrachloride (70.0) (105.0) 


0 


the pereent of the absorbed energy breaking bonds could 


he ealeulated 
(number free radicals) (bond energy) x 100 

enerpy Vield 

energy absorbed 

It is evident that at least two factors are important 
n determining the radiolysis of these compounds atomic 
composition and structure, Apparently, the presence of 
ectronegative elements, halogens, and oxygen favors 
decomposition, While unsaturation and particularly con 
ugated and aromatic groups stabilize the molecules. It 
eems reasonable to carry over, at least in a qualitative 
inner, these results on small molecules to polymeric 


tructure 


Radiation Effects On Polymers 

Passing on to the effeets of radiation on polymers 
themselves, there is listed in Table 2 a series of poly- 
mers grouped according to their tendency to crosslink 
inte bigwe molecules or split into smaller molecules 
vhen irradiated. Most of the data are from the work 
of investigators at the General Electric Company, using 
high-energy eleetrons (11), although similar results are 
reported for other types of radiation, Poly-@ methyl sty 
rene data are for pile irradiation (5), As yet little infor 
nation has been published as to the effectiveness of ra- 
diation ti producing either crosslinking or SCISSION, The 
data in the literature are mostly qualitative and do not 


illow listing of the polymers in either group according 
to the degree of their response to the radiation. However, 
if known that it takes about 20-70 ev to produce cross 
links in polyethylene, in contrast to about 2000 ev for 
polystyrene, This resistance of polystyrene is usually 


iseribed to the presence of the phenyl ring (see again 
Table 1). The polymers that degrade are subgrouped ac 
cording to their basie strueture. Cellulose and all deriva 
tive noted in the literature degrade to lower molecular 
veight species. The ring structure may impart some lack 
of flexibility to the polymer chain and this fact could be 
of considerable importance in determining its behavior. 
One striking feature of polymer behavior in this field is 
that all “q-emethyl” type polymers studied have definitely 
degraded, indicating that their strueture favors chain 
cleavage. These polymers very likely have less flexibility 
also. due to the bulk of the side groups, and in this re 
peet there appears to be some connection with the be 


havior of the cellulosies 


Table 2 
Effects of Radiation on High Polymers 
Polymers that crosslink Polymers that degrade 
Polyethylene Cellulose and derivatives 
Natural rubber 


Volyaerylie « ter 


“o-Methyl” polymers 
Polyaerylic acid Polyisobutylene 
Polyacrylamide Polymethyl methacrylate 
Polyester Poly-qa-methyl styrene 
Polystyrene Polymethacrylie acid 
Polyvinyl alkyl ethers 

Polyvinyl methyl ketone 


Polymethaerylamide 


alogenated polymers 

Polytetrafluoroethylene 

Polychlorotrifluoro 
ethylene 

(Polyvinyl chloride) | 

(Polyvinylidene 
chloride) | ? | 


/ gi lean 


TABLE 3 
Comparison of Polymer Properties with Cross-Linking 
Tendencies 


Irradiated tructu | 


The completely halogenated polymers listed, partic- 
ularly the fluorinated ones, decompose quite definitely to 
lower polymer and are quite sensitive to radiation. The 
exact situation with the vinyl and vinylidene chloride poly- 
mer is not clear; Lawton (11) lists them as degrading, 
but Bopp and Sisman (5) note that after an initial soften- 
ing they harden and are presumably crosslinking. It is 
known that they evolve hydrogen chloride, which reaction 
very likely results mainly in double bond formation, al- 
though some loss of hydrogen chloride between chains 
could result crosslinking. Further investigation may 
very well place them in the groups of crosslinking, which 
from a theoretical point of view one might anticipate. 

Results of irradiation depend on whether the irradi- 
ated polymer is in contact with oxygen, in which case 
oxidative degradation (6) may lead to a different result 
than when the polymer is irradiated in vacuo or under 
nitrogen, The form of the polymer, i.e., the surface-to 
volume ratio, is naturally very important when air oxi 
dation is possible. 

The presence of a few para-bromo groups in poly 
styrene has been shown to cause an increase in molecular 
weight, even when presumably the presence of air caused 
degradation of pure polystyrene to much lower molecular 
weight (7). It is reasonable to assume that hydrogen 
bromide was formed with the necessary atoms coming 


from different polymer chains. 


Correlation of Radiation Effects With 
Heats of Polymerization 


A comparison of the behavior of polymers under 
irradiation with that found on thermal decomposition 
might be expected to help in elucidating the processes oc 
curring. In Table 3 are listed the heats of polymerization 
and thermal decomposition data on six polymers, The heats 
of polymerization (8) refleet the degree of steric hindrance 
between units in the chain, a low heat inferring a large 
amount of steric hindrance. With regard to thermal sta 
bility, the exact position of polymethyl acrylate is just 
below that of styrene. In other respects, it is above sty 
rene, With the exception of polyisobutylene, it is seen also 
that a low monomer yield is associated with crosslinking. 
It would seem that q-hydrogens favor crosslinking and 
a-methyls favor scission when polymers are irradiated, 
Whereas it has been fairly well demonstrated in thermal 
decomposition that the former favors transfer reactions 
and the latter depropagation (20). Polyisobutylene is) an 
exception with respeet to monomer yield but is) similar 
to the other two “q-methyl” polymers as to thermal sta 
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bility and shape of the thermal decomposition rate curve. 

It has 
factor in the behavior of polymers under irradiation is 
the stability of the radicals formed in each system (9). 


recently been suggested that an important 


For instance, “a-methyl” polymers that degrade forn 
tertiary type radicals when chain scission occurs, while 
polymers that crosslink form tertiary type radicals by 
loss of a tertiary hydrogen without chain scission. An 
alternate possibility is that all possible types of radicals 
are formed but in the former case their structures favor 
disproportionation while in the latter case their structures 


favor combination. 


Radiation Effects In Polyethylene 


received the most atten 
irradiation (10, 11, 12) 
attempting to elucidate the 
utilizing 
Company 


Polyethylene has probably 
tion in studies on the effeets of 
A most work 
mechanism of the crosslinking, in this case 
B-rays, is that of the Klectric 
group (11). Several materials were irradiated: polyethy! 


interesting 
General 


ene, a Cy n-hydrocarbon, and a high molecular weight 
(about 1 x 10%) polymethylene. Polymethylene is linear, 
i.e, non-branched, while polyethylene is highly branched. 
Actually, in one gram of the polyethylene there would 
be roughly about as many molecule ends as in one gram 
of the _& 

Analyses of the volatiles from the irradiation of poly 
ethylene have been made (11). The major product in the 
the remainder hy 


n-hydroearbon. 


radiation work is hydrogen, about 80% ; 
drocarbons, C.’s, C.’s and C,’s predominating. The branches 
in polyethylene are believed to be about 5 carbon atoms in 
length (13). When irradiated, the C 
similar results, about 8067 H., but 
C,, and C, compounds, gives 
about 99% hydrogen (14). These results indicate a fairly 
random interaction of the radiation with the polymer and 
cleavage of both C-H and C-C 
of polyethylene, a small preference for the branch points. 
Stoichiometrically, the evolution of hydrogen implies un 
saturation or crosslinking, and both types of structural 
observed. Very likely chain cleavage occurs 
appearance of volatile 


hydrocarbon gives 
somewhat less C 


while the polymethylene 


bonds with, in the case 


change are 
to some extent, as evidenced by the 
hydrocarbons from two of the materials studied. On a ran 
dom cleavage basis, the high molecular weight of the 
linear polymethylene would preclude the appearance of 
volatile hydrocarbons during irradiation, Comparison of 
the pyrolysis data (15) and irradiation data (11) on vola 
tile products does not show any striking differences as to 
the hydrocarbons produced. The chief difference is the 
large quantity of hydrogen produced in the latter case. 
It is difficult to conceive of any selectivity in product 
formation due to the primary interactions of the radiation, 
and hence any such effect would probably be attributed 
to secondary processes, Actually, the roughly equ il vie lds 
of CU's, C.’s and C,’s observed in the case of the irradi 
ated polyethylene, which is believed to have numerous C 


branches, are relatively compatible with a random mech 


anism. 


Mechanism for Crosslinking and 
Scission 


The following simplified mechanism for the cross 
linking reaction would appear to satisfy the known facts. 


First, the radiation, in) passing through, causes ioniza 


tion which quickly subsides, leaving atoms and radicals; 


there Is, of course, statistically twice as much chance of 
breaking a C-H bond 


bond and it must be as 


as a C-C 
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bonds cleay ed re 


sumed that a good portion of the C-C 
combine. However, an active hydrogen atom will readily 
abstract a nearby hydrogen atom, forming H. (stage 2) 
and leave two adjacent free radicals which combine (stage 
3) to form a crosslink. If an adjacent hydrogen on th: 
same chain is captured by the first atom, then double 
bond formation would result. Presumably this mechanism 
applies in different degrees to other polymers that cross 
link. 

In the case of q-methyl polymers it is evident from 
Table 3 that a high degree of strain exists in the chain 
due to steric hindrance, and that the bonds are broken 
more easily. Therefore it must be assumed, as outlined 


initially small radicals 


below, that hydrogen atoms or 


abstract hydrogen atoms; the radicals so formed by ab 
straction of a hydrogen of the methyl group or of the 
main chain, decompose to give unsaturated end-groups and 
cleaved molecules. 

If one makes the 


reaction of a radieal along the polymer chain 


reasonable assumption that the 
scission 
is affected by the same factors as the depropagation re 
action of a chain into monomer and smaller radicals, then 
+ H 

it follows that where E, is the activation energy for 
scission, E, that for propagation, and H, is the heat of 
polymerization. Since activation energies for propaga 
tion are quite low, 5-8 keal, compared to heats of poly 
merization, it is evident that scission will be much more 
probable in polymers with low heats of polymerization, 
and that the observed differences in such heats reflect the 
operation of a strong steric influence on the scission 
reaction, 

An alternate and probably simultaneously operating 
mechanism would be a simple rupture of chain bonds to 


produce radicals which disproportionate. 


Radiation Effects in 
Polytetrafluoroethylene 


At first glance the situation in polytetrafluoroethy 
lene would seem to be difficult to understand. The mater 
ial is probably much more sensitive to radiation owing 
to the fluorine atoms. However, neglecting this aspect, 
bond energies allow one to make an interesting interpre 
tation of the fact. 
process outlined for polyethylene involves the abstraction 


An important step in the crosslinking 


of a hydrogen by a hydrogen atom. The reaction is writ 
ten below with the analogous one for polytetrafluoroethy 
lene. The pertinent bond energies for these reactions are 
listed. 

It is seen that, in the hydrocarbon case, a 90-keal C-H 
bond is broken with the formation of a 100-keal H-H bond. 
In the fluorocarbon situation, a 120 keal bond must. be 


POLYETHYLENE 
H-+H-C- H-H + 
90 lOO kcal. 


POLYTET RAFLUOROETHYLENE 


37 kcol. 


120 
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broken and only a 37-keal F-F bond produced. On this 
basis it is easily seen why crosslinking does not occur. Al- 
o, With chain cleavage and fluorine atoms available, the 
predominant reaction would be the formation of 120-keal 
C-F bonds, producing permanent cleavage and unsatura- 
tion as found. It follows then that low bond energies be- 
tween the carbons in the chain and substituent atoms and 
high bond energies between substituent atoms are needed 
for crosslinking. On this basis polyvinyl chloride and 
inylidene chloride should crosslink with the formation 
of hydrogen chloride, although the formation of double 
bonds may be the major reaction. 

An aspect of the behavior of polytetrafluoroethylene 
under irradiation that needs explanation is the fact that, 
unlike polyethylene, the only gaseous products reported 
are carbon tetrafluoride and_ silicon tetrafluoride. (16) 
The silicon compound, of course, must result from either 
fluorine, fluorocarbons, or fluorocarbon radicals reacting 
with the glass container. Small amounts of this com- 
pound are found frequently in the pyrolysis of polytetra- 
fluorocethylene in quartz vessels. The interesting fact is 
that carbon tetrafluoride is the only fluorocarbon gas 
produced. This indicates some selective process leading to 
the production of carbon tetrafluoride. 


Lifetime of Free Radicals In 
Irradiated Polymers 


An important question in the study of the radiation 
effects in polymers concerns the lifetime of the free radi- 
cals formed, Reeently it has been demonstrated that free 
radicals or atoms, when produced in frozen hydrocarbons 
or monomers at about 90°K, can be immobilized and 
tored for extended periods of time; their existence in 
ignificant quantities is determined either spectrometric- 
ily (17) or by polymer formation upon warming (18). It 
would appear probable that solid polymers at room temp- 
erature, especially those with glass transitions consider- 
ably above this temperature, after exposure to high- 
energy radiation are also likely to contain active species 
capable of producing chemically measurable effects. Ex 
periments designed to test this hypothesis have recently 
been carried out at the National Bureau of Standards 
using polymerization to detect the presence of activity 
in irradiated polymethyl methacrylate, The polymer was 
heated at 100°C for 24 hours in a vacuum to remove any 
peroxidie activity (19). Then it was sealed off and irradi- 
ated in an evacuated viscometer designed in such a man- 
ner that after irradiation the viscometer could be attached 
again to a vacuum system and a given amount of methyl 
methacrylate monomer condensed on the polymer cooled 
with dry ice. The container with the frozen monomer and 
polymer was then placed in a constant temperature bath 
at 30°C and the viseosity of the polymer-monomer solu 
tion noted as soon as the solution became uniform, The 
results of a typical experiment are shown in Figure 1, 
where it is seen that the solution containing the irradiated 
polymer is more viscous than that containing the unirradi 
ated material. The zero points are roughly estimated from 
intrinsic viscosities obtained on other samples of unirradi 
ated and irradiated polymethyl methacrylate. The dashed 
lines indicate the probable course of the reactions during 
the initial stages before complete uniformity was achieved 
in the solution. Provided this effect is not due to traces of 
orbed or occluded oxygen in the polymer forming per 
oxidie groups during irradiation, this result indicates the 
presence of long-lived free radicals in the polymer, since 
the polymerization experiment occurred several days after 


irradiation 
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Figure 1. Polymerization of methyl methacrylate in the presence of 
irradiated polymethyl methacrylate. O irradiated polymer, dose 
X unirradiated polymer. 


The above phenomenon gives considerable support to 
the hypothesis that radicals in detectable numbers persist 
in polymers at room temperature for days and weeks. 
Such radicals may be an important factor to consider in 
attempting to interpret the mechanism of radiation effects 
in polymers. 
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The Prediction of Long Time Stress 
Rupture Data From Short Time Tests 


R. H. Carey and E. T. Oskin 


Bakelite Co., Div. of Union Carbide and Carbon, Ine. 


HIS PAPER DESCRIBES three theories which may 
be applied to the problem of predicting long time 
strength from short time tests. No hard and fast con- 
clusions concerning the validity of these theories have 


been drawn but it is indicated that confidence in any of 


the theories can only be established after the long time 
data are obtained. The theories are of great value, how- 
ever, as an aid in defining the magnitude of the problem. 

There is an abundance of standard strength informa- 
tion on most plastics. These data, however, have only 
limited value in the design of structural parts since the 
strength of plastics is time dependent: a constant stress 
that may safely be applied to a part for a period of a 
month may cause rupture a year later, It is this long 
time stress-rupture information which is needed for de- 
sign. In order to determine accurately the stress a plas 
tie material will support for five years, it is necessary 


to run at least one test for this length of time. Naturally, 


such tests would be time consuming and costly. As a 
result, there are practically no such data available. There- 
fore, to design a structural plastic, a method must be 
used to predict what would be a safe stress for the life 


expectancy of the product. It is the purpose of this paper 


to review a few of the more recently proposed methods 
of predicting long time = stress-rupture information at 
various temperatures from short time tests at specific 
temperatures. Note: To illustrate the use of the stress 


rupture correlations to be described, the original data of 


Pusey and Carey (3) for a polyester glass laminate will 
be used. This laminate was made from a resin mixture 
BRS-198 and 11.5 styrene reinforced with 12 
plies of 181-136 glass fabric. This material was selected 


of SS.5% 
as representative of the several materials tested. 


Theory of Rate Processes 

The three most recent” stress-rupture correlations 
(discussed below) are fundamentally based on the theory 
of rate processes put forth by Eyring (1) and = others. 
A rate process is one that occurs at a given rate for given 
conditions, A typical rate process would be a chemical 
reaction. For the rate process theory to apply, the over- 
all effect of the process must equal the net effect of small 
unit processes. In a chemical reaction, the unit process 
would be the reaction of the atoms; in plastic flow it 
would be the movement of one molecule or part of a 
molecule from one position to another, In stress-rupture, 
it would be the breaking and rearranging of chemical 
bonds, 

It i its 
hetween the two states of the unit process. When one 


umed that there is always an equilibrium 
unit receives a certain amount of energy the equilibrium 
is shifted and the unit passes from one state to another. 
This minimum energy necessary for passage into the 
final state is called the activation energy. 
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If stress-rupture obeys a rate process, it can be ex 
pressed by an equation similar in form to the Arrhenius 
equation such as 
(a) 8 A exp. Q RT 
where, U rate of rupture; R gas constant; A 
constant; T absolute temperature; Q activation 
energy. 

Since the time to rupture, t, is the reciprocal of the 
rupture rate 1 t A exp. Q RT 
and 
(2) logt log A + Q 2.3 RT 

If # stress is applied to a rigid system, the activation 
bf where f is the stress and b 
is a constant. Equation (2) then becomes 

log t log A + (Q bf) /2.3 RT 


energy is decreased to Q 


or 
(3) log t log A Q/2.3 RT bf/2.3 RT 

This equation is the theoretical basis for semi-log 
stress-rupture plots such as Figure 1. Formerly, (2) a 
log-log plot (such as Figure 2) was found to be satis 
factory but this relationship has no theoretical rationaliza 


tion, and is no longer used, 


Figure 1. Flexural strength vs. time to rupture. 
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Stress Rupture Correlations 


\. Taylor Equation 
Theory Assuming that the “elementary process in 


fracture consists in the slow elongation of the strongest 
bonds in a unit rectangular prism” Taylor (4) derives 
the following stress-rupture equation for a brittle ma 


terial 
(4) logt log ko + q@/2.3 kTf 
Vhere 
t time to rupture 
k experimentally determined constant 
h Boltzmann constant (gas constant per molecule) 
I absolute temperature 
Ka/f activation energy where 
Young’s Modulus 
f stress required for fracture 
a activation energy required for orientation 


and stretching of each unit reetangular 
prism. 

This equation is similar to the Glathart and Pres- 
ton (5) empirical equation, 

i m log t 
where f is the breaking stress, t is the time to failure, and 
aandm are constants. 

Example Figure 3 shows a plot of the log of rup 
ture time against reciprocal stress. Here as in Figures 
1 and 2, a straight line is drawn as closely as possible 
through the experimental data. To find the stress neces 
ary to cause failure in 10,000 hours, it is necessary to 
extrapolate the line to this time, read the reciprocal 
tress, and convert it to stress. For 23°C, the reciprocal 
tress at 10,000 hours is 2.47 x 10° which is 41,000 psi. 


Figure 3. Reciprocal stress vs. time to rupture. 
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Discussion—There seems to be no advantage to this 
method over those shown in Figures 1 and 2. In faet, 
the term “reciprocal stress” is meaningless and requires 
an additional calculation. If E/f were used instead of I/f 
the term would be more meaningful but would add further 
complexity to the method since the modulus E would have 
to be known for each temperature in order to caleulate 
the rupture stress. 

If the above relationship held, it would appear that 
E/Tf could be plotted against leg t to obtain a master 
curve for all temperatures. This does not appear to be the 
case and even Taylor fails to mention it. 

B. Machlin-Nowick Equation 

Theory—From_ statistical mechanical considerations, 
Machlin and Nowick (6) derived the following stress- 
rupture equation: 

(6) log t log h kt + (Fa! Bf/2)/2.5 kt 

where, t time to rupture; h Planck’s constant; k 
Boltzmann’s constant (gus constant); Fa! apparent 
free energy of activation; B factor which is tempera- 
ture dependent; T absolute temperature; f applied 
stress. 

The term leg h/kT does not vary much with tempera- 
ture and may be considered constant, Equation (6) may 
then be written: 

(7) log t Bs (A Df) T 
or 

log t (A + BT Df) T 
Where A and B are constants of structure and D has been 
empirically found to obey the following equation 
(S) log D + PT 
where E and F are also constants of structure. 

It cun be seen from Equation (7) that at constant 
temperature a plot of log t against f will result in’ a 
straight line of slope D/T and intercept of 
(A + BT)/T. 

Example—The slope of the 28°C line in Figure 1 is 


D/T (0 3) (46,600 11.000) 5.36 x 10-4 
which gives 
1) (23) 5.86 x 104 x 296 0.159 
likewise 
(40) 
I) (60) 


Figure 4 shows a plot of log D against T. 
The intercept, log t., of Equation (7) is 


log t (A BT) /T log t + Df T 
and 
(9) Tlogt T log t Dr 

For the 28°C line in Figure 1 

T log t 296 x log 10 4 0.159 x 44,700 7,400 
similarly 

T log t. (40) 5,720 

T log t. (60) 7.700. 


The slope of Figure 5 which is a plot of 'T log t 
against T is 

5.86 (6920 (260 
and the intercept is 

A 6510 290 

After finding the parameters A, B, and D, Machlin 


and Nowick claim that the stress rupture information for 


other temperatures can be predicted, 

For (353°K) log D from Figure 4 is 0.645 
and Dis 0.227, Sinee A is 4,810 and B is 5.86, the stress 
that will rupture this laminate at SO°C) for specific 
time ean be calculated from Equation (7) 

loge t (4.510 5.86 x 353 0.2271) /353 


Using this equation, the theoretical stress rupture 
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line for SO°C has been plotted in Figure 1 as an illus 


tration of how the data may be used. 

Discussion—The main objection to the Machlin Now 
ick Equation is the same as that applied to the other 
methods in that it assumes that the rupture strength 
varies linearly with the log of the rupture time. It also 
assumes that the slope and the intercept of the stress 
rupture curve is a linear function of temperature. Figures 
t and 5 show a typical difficulty that has been encountered 
in making this latter assumption for the data on poly- 
ester-glass fabric laminates. 

Larson-Miller Equation 

Theory—Larson and Miller, using an equation orig 
inally proposed by Holloman and Jaffe (7) for the temp- 
ering of steel, have suggested the following equation for 
analyzing stress-rupture data (steel) at some constant 
stress. 

(10) T (20 4+ log t) kK 
where T is the absolute temperature in degrees Rankine 
(460) + degrees Fahrenheit), t is the time to rupture in 
hours, and K is a constant. 

The similarity can be seen between the above equation 
and Equation (2) when the latter is put in the form 
(11) T (log A + log t) Q 238K 

Example—Using a stress of 45,000 psi, the polyester 
glass laminate previously discussed broke in 24.2 hours 
at 28°C. Therefore, 

T (20 + log t) 433 (20 log 24.2) 11,380 
The value is then plotted against the 45,000 psi stress 
on semi-log paper as shown in Figure 6. Similarly, the 
other T (20 + log t) values for 23°C and the other temp- 
eratures are plotted against their respective breaking 
stresses, 

To use Figure 6 to find the stress that would rupture 
the laminate after 10,000 hours at 23°C (533°R). The 
Larson-Miller Equation again is used, 

T (20 + log t) 533 (20 log 10,000) 12.800 
This corresponds in Figure 6 to a stress of 34,000. psi. 

Discussion—The Larson-Miller correlation has gone 
a step further than that of Machlin and Nowick in get- 
ting away from the straight line relationship between 
rupture stress and log of rupture time. The Larson- Miller 
relation proposes an interchangibility of temperature and 
time viz. a short time at a high temperature is the same 
as a long time at a low temperature, Although initially 
proposed for steels it has also been applied to polyester 
glass) laminates.(9) 

One point in question is the accuracy of the para- 
meter 20 in the equation. It appears to hold for many 
materials but for others it may vary. It has been 
found (10) that if only data up to 100 hours is plotted 
it produces a slightly different line than if all data (1000 
hours and over) is plotted, For some materials, a series 
of Larson-Miller curves are obtained for each tempera 
ture. These curves tend to coincide at low values of 
T (20 + log t) and diverge at higher values, However, 
this divergence would be difficult to detect with the 


limited amount of data now available. 


Summary and Conclusions 
The table below gives some idea of the relative 
values obtained by predicting rupture stress by the 
various theoretical methods. 
Stress Rupture—psi at 10,000 hours 


Method 23°C C 
Log-Log 10,000 35.000 20.000 
Semi-Log 34.000 000 
Taylor 11,000 36,000 30,000 
Machlin-Nowick 24,000 
Larson-Miller 34,000 30,000 25.000 2? O00 
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The advantages of the Machlin-Nowick and Larson 
Miller equations are evidenced in the fact that it is pos 
sible to predict an expected life at SOC without) pet 
forming a single test at this temperature. Any such 
values, however, should be regarded with due caution 
since many plastic materials are known to have transition 
temperature as exemplified by Heat Distortion Tests and 
Stiffness Temperature Tests. Nevertheless, with due 
regard for the cautions involved, the Larson-Miller equa 
tion is preferred to the Machlin-Nowick equation because 
of its simplicity and convenience. It) provides a simple, 
direct engineering answer to the question “How long will 
it last at this stress and this temperature?” From a 
practical viewpoint, it must be borne ino mind that the 
accuracy of predictions at extended times is very poot 
Many materials exhibit a hyperbolic, stress-log time to 

(Please turn to page 55) 
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Non-Glass Reinforcement 


for Plastics 


Johan Bjorksten 


Biorksten Research Laboratories, Ine. 


Hk USK OF reinforcements to enhance mechanical 

properties is an old and obvious concept—5,000 years 
ago in Egypt straw was used for reinforcing clay in 
houses. Therefore, when breakage and cracking problems 
occur in plastics, or higher strength properties are re 
quired, fabricators naturally turn to some type of reinforce- 
ment, such as glass fiber, cotton fabric, paper, or asbestos, 
it it remedy, 

Glass fiber was not widely used for reinforcing plas- 
ties until the 1940's but has rapidly gained preference over 
other reinforeing materials. Glass fiber has great advan 
tages, including very high tensile strength, light weight, 
low moisture absorption, and good dielectric properties. 
But glass needs the protection of a plastic to counteract 
its tendeney to shatter or bruise when unprotected glass 
fibers move freely against each other. Thus, the combin- 
ation of glass and plastic is a natural from the standpoint 
of both materials, 

However, the most powerful factors in bringing about 
the present wide acceptance of glass for reinforcing plas 
tic are the research effort that has gone into solving 
related problems and the sales drive of a few aggressive 
firms. Research has brought about the necessary modifi 


eation of fibers and fiber surfaces and contributed to the 


development of sizes, finishes, and application methods. 


Excellent Surface Characteristics of Molded Product Produced from 
Lay-Up of “Orlon” Needled Reinforcing Batts (resin added before 
mold closed). (Courtesy E. |. du Pont de Nemours & Co., Textile 
and Industrial Products Research Division) 
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The extent of the economic drive promoting the adoption 
of glass reinforcement is evident when we consider that in 
a representative reinforced article 75% of the cost and 
probably a higher percentage of the profit on raw ma- 
terials stem from the glass reinforcement. 

If a similar strong financial incentive and a concen- 
trated research effort had led someone to promote any one 
of the other possible reinforcing substances, we would un- 
doubtedly have today, in addition to glass reinforcement 
technology, a much better developed market and know-how 
for that other reinforcement. 

For example, many a resin manufacturer has con- 
sidered cotton reinforcement, but has discarded it because 
he obtained less strength and poorer moisture resistance 
than with glass fiber. But if someone had a real incentive 
to improve the status of cotton in the reinforcing field, 
he would do the following: 

(1) Remove the oils present on the surface 
of commercial cotton fibers. 

(2) Develop and apply a surface treatment 
to secure firm adhesion between cotton and 
the plastics to be used, 

(3) Select or develop plastics having elas- 
ticity and elongation characteristics keyed to 
those of cotton, so that the limit of elongation 
of the plastic and reinforcement under stress 
would be reached at the same time. Only thus 
can the reinforcement be used to the best 
advantage. 

(1) Develop technical service data and pro- 
vide specialized personnel for helping fabri- 
cators use cotton to the best advantage. 

(5) Develop an extensive body of knowledge 
on the advantages and shortcomings of cotton 
in relation to other reinforcement agents, to 
guide service personnel in their recommen- 
dations. 

(6) Develop service and trade literature on 
the properties of cotton as related to rein- 
forcement of specifie plastics for specific 
purposes. 

The advantages and disadvantages of cotton, which is 
used mainly with phenolic and melamine resins, are sum- 
marized in Table I. 

Synthetic fibers have advantages which would pro- 
vide a very sound basis for promoting their use with 
plastics. For example, glass fiber has a very high tensile 
strength but is also very stiff and brittle and has relatively 
poor shear characteristics. There are a number of svn 


thetic fibers, however, which possess relatively high 


This paper was prese nted at the 12th SPE Technical 


Conference, 
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strength and are less stiff and more tough than glass 
fiber and which can be machined with less tool wear. 
Reinforcement of plastics with these fibers offers ad- 
vantages in applications requiring improved resistance to 
abrasion, erosion, and flexing, as well as high strength. 


By matching the stress-strain characteristics of the fil 


TABLE | 


Cotton Reinforcing Fiber 
Advantages 


(1) Widespread availability and relatively low 
cost. 

2) Durability and toughness, 
Less brittle than glass fiber, 
About 50% lighter in weight than glass 
fiber, 

(5) Good bulking and insulating qualities. 


Disadvantages 

(1) Poor moisture resistance (8.547 absorption 
at 65% R. H., 70°F; 44-49% swelling in 
water). 

(2) Combustible and poorer resistance to heat 
than other reinforcing fibers. 

(3) Poor resistance to strong acids and alkalies. 

(4) Poor appearance and cleanliness as pur 
chased. 

(5) Deterioration of strength if thoroughly 
cleaned or and bleached. 


with those of the plastic, it should also be possible to re 
inforce thermoplastic materials such as the new low pres 
sure polyethylenes and thus impart to them high mechan 
ical strength. 

It should be pointed out here that discussion of the 
use of cotton, rayon, nylon, jute, and other fibers to re 
inforce elastomers such as rubber has been intentionally 
omitted. This paper is confined to non-glass reinforcement 
of rigid type plastics which might be considered for 
structural applications and which have been used with 
glass fiber to a large extent. 

Nylon, “Dacron” polyester fiber, and “Orlon” acrylic 
fiber are tough and resilient synthetic fibers which have 
high tensile strength. These fibers also have excellent 
electrical properties, good chemical resistance, lighte: 
weight than glass fiber, and good bonding properties 
with resins. The high initial cost of these fibers in com 
parison with glass fiber is their greatest disadvantage 
Lower heat resistance than glass fiber (which shows no 
loss in strength at 475 F and a 50° loss at 685 F) could 
be listed as a disadvantage, but all three of these fibers 
are actually very resistant to degradation by heat and 
have melting or softening temperatures of over 450 F, 

Table 2 compares the specifie gravity, tensile 
strength, stiffness, elasticity, and toughness of these fibers 
with those of glass fiber. 

The stiffness and toughness which are reported for 
glass are meaningful only when the stress-strain curve is 
practically a straight line. This is not the case, however, 
for the synthetic fibers. The stiffness in the initial portion 
of the stress-strain curve (initial modulus) and the actual 


TABLE 2 
Properties of High Strength Reinforcing Fibers 


Specific Tenacity! 
(gm. denier) 


Fiber (as produced) Gravity 
NYLON High Tenacity 
Filament Yarn 1.14 6.1--7.3 


Regular Tenacity 
Filament Yarn 1.14 1.7.5.8 


Staple and Tow 1.14 1.1 4.4 


“DACKON”’ High Tenacity 


Polyester Filament Yarn 1.38 6.2.7.0 
Fiber Regular Tenacity 

Filament Yarn 1.38 1.4.4.6 

Staple and Tow 1.38 4.2 

“ORLON” 
Acrylic 
Fiber Filament Yarn 1.14 1.2 4.8 
GLASS 2.54 7.7.10 


Tensile! Initial Ultimate Toughness 
Strength Modulus Elongation (gm.-cm., 
(psi) (gm. denier) (%) denier-cm.) 


103,000 10 1X23 0.77 


69,000 
85,000 31 26-31 1.08 


60,000 10 40 44 1.40 
64,000 


110,000 


124,000 120 10 11 O50 
73,000 1.20 
62,000 75 16 0.41 
71.000 
250.000 300 2.0-3.15 0.138 


315,000 


' Data are average values for particular counts. For example, where the tenacity of high tenacity nylon yarn is shown 
as 6.1 7.3, the value of 6.1 is the average tenacity of the particular count in the high tenacity group which has the lowest 


average tenacity, The 7.3 is the average tenacity of the count having the highest average tenacity. 


Values were determined at 70 F, 650 R.H. on yarns and tow segments. Higher values, especially for ultimate elonya 


tion, are usually obtained when tests are run on single filaments. 


Values were obtained on a Suter tester or adjusted to the Suter level. Values for tenacity on a Suter tester are signifi 


cantly lower than those which would be obtained on some other types of testing equipment. 


Slope of initial portion of stress-strain curve, 


Work-to-break as determined from area under complete stress-strain curve 
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toughness (work) to any specified extension may be the 
most important factors here. 

Nylon has been used to reinforce plastics on a fair 
scale, principally with phenolic resins. It is the toughest 
ind most elastic of the high strength fibers and maintains 
the combination of high tenacity and elasticity even on 
repeated stressing. Nylon fabric laminates also provide 
uperior insulation resistance and are therefore suitable 
for applications in the electrical, electronic, and high- 
frequency fields. For example, the electrical insulation re- 
sistance range of commercial nylon reinforced phenol-for- 
maldehyde laminates is 30,000-1,000,000 megohms as com- 
pared to 25-500 megohms for glass reinforced phenol- 
formaldehyde laminates. 

Nylon has higher moisture absorption than glass fiber, 
“Dacron,” and “Orlon” as shown in Table 3, Appli- 
cation of sizing procedures similar to those developed 
for glass might make it possible to eliminate this objection 
to nylon, 

The largest single use for nylon in reinforced plastics 
s in aireraft fuel cell backing boards. 

Like nylon, “Dacron” polyester fiber is lightweight, 
strong, tough, and elastic and has excellent electrical pro- 
perties, It has very low moisture absorption and is dimen- 
sionally stable. It also has high resistance to most acids. 
The fine, uniform “Dacron” fibers are almost completely 
masked by laminating resins. 

Laminates reinforced with “Dacron” are particularly 
recommended for use in the electrical and electronic fields. 
All of the electrical properties, wet and dry, of a laminate 
made with a “Dacron” reinforcing blanket have been re- 
ported as better than those of a comparable laminate re- 
inforeed with glass mat. 

The abrasion resistance of the “Dacron” laminate was 
2567 better than that of the glass mat laminate. If cost 
must be reduced, the “Dacron” reinforcing material can be 
used as an abrasion resistant overlay for glass reinforced 
plastics. 

“Orlon” acrylic fiber is a non-conductor of electricity, 
is very resistant to acids, and has outstanding resistance 
to ultra-violet rays, atmospheric effects, mildew, and bac- 
teria. “Orlon” reinforced plastics should therefore be of 
interest for applications involving handling of acids, out- 
door exposure, or electrical conditions. Like nylon fabric 
laminates, “Orlon” fabric laminates provide superior elec- 
trical insulation resistance under high humidities. An im- 
portant application is an “Orlon” fabric-acrylic laminated 
frame for attaching transparent acrylic canopies to air- 
craft, where it is desirable to have the thermal expansion 
coefficients of the resin and reinforcement match. 

“Orlon” has particularly outstanding properties as a 
surface cover. Adhesion to the commonly used laminating 
resins is excellent without sizing. Where “Orlon” mat is 
used as the outer layer in a laminate the surface is com- 
pletely smooth, with a high gloss, and the weathering and 
abrasion resistance are about four times greater than those 
of corresponding glass reinforced surfaces, 

The following general recommendations can be given 
for choosing nylon, “Dacron,” or “Orlon” as_ reinforce- 
ment for resins: 

(1) Where a high degree of translucency is desired (e. g., 
with polyester resins), bright nylon fibers are best. 

(2) For exposure under alkaline conditions, nylon is best. 

(3) For exposure under acid conditions, either “Dacron” 
or “Orlon” is preferred. 

(4) All three fibers offer a marked advantage in abrasion 
resistance over glass. However, where exceptionally 


7 wenty 


high abrasion resistance is desired, either nylon or 


“Dacron” is preferred. 


(5) “Dacron” provides the best electrical properties over 


a Wide range of frequencies and is particularly out- 
standing where high humidity or moist conditions 
prevail. 

(6) For outdoor applications where stability to ultra- 
violet light is important, “Orlon” should be used. 

(7) For overlay applications, all three fibers in the needled 
batt form provide excellent surfaces. However, if 
subsequent finishing procedures involving sanding 
of the surface are to be used, “Orlon” is recommended 
since any surface fuzz that might be raised can be 
conveniently removed by a simple wipe with an in- 
expensive and non-toxic solvent (ethylene carbonate). 
The surface so obtained is exceptionally smooth and 
can be readily painted to give an outstanding finish. 
The fact that synthetic fibers can be easily bonded to- 

gether into uniform non-woven structures by mechanical 
means eliminates the need for binders and lubricants, 
which introduces problems with glass. However, it should 
be pointed out that because of the bulk of these structures 
it is necessary to use some pressure for molding: for many 
purposes 25 psi is enough. 

The field of gunk molding, or injection molding with 
suspended fibers, seems particularly adapted to the non- 
abrasive, flexible, and easily flowable synthetic fibers. 

Rayon, the pioneer synthetic fiber, has been given 
little consideration for reinforcement of plastics, largely 


TABLE 3 
Moisture Absorption of Reinforcing Fibers 
Moisture Regain Swelling 
At 70°F, 65° R.H. In Water 
Glass fiber O% O% 
“Dacron” 0.4% Virtually none 
“Orlon” 1.5% Very slight 
Nylon 4.0-4.5% About 2% 


TABLE 4 


Electrical Properties of “Dacron” and Glass 
Laminates Using Polyester Resins! 
“Dacron” Glass 
Dielectric Strength, volts per Laminate Laminate 
mil, Dry 
Short-time 510 355 
Step by step 130 300 
Dielectric Strength, volts per 
mil, Wet 
Short-time 455 (See 
Step by step 360 Note) 
Note: The wet glass material did not 
puncture but burned over the surface, 
about 3 inches between electrodes. 
Dielectric Constant 


As received 2.98 3.27 

Wet condition 3.17 3.86 
Dissipation Factor 

As received 0.012 0.010 

Wet condition 0.012 0.069 
Loss Factor 

As received 0.036 0.033 

Wet condition 0.038 0.27 


Source: Troy Blanket Mills technical data, 
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because of its poor moisture resistance. If this disadvan- 
tage could be removed, possibly by development of new 
sizing or finishing procedures, the economical combination 
of light weight and high strength offered by various high 
tenacity rayons could be utilized. “Fortisan,” a high ten 
acity rayon developed from saponified acetate, has a ten 


sile strength of 138,000 psi and has been recommended for 


use in structural laminates. High tenacity viscose rayon 
has a tensile strength range of 58,000-88,000 psi and is 
tougher and more elastic than glass fiber. 

Fibers produced from polytetrafluoroethylene, or “Tef- 
lon,” have recently become available. These fibers have a 
lower tensile strength than the high strength fibers pre 
viously discussed, but have exceptional resistance to chem- 
icals, heat, and moisture. Their strength is not affected up 
to 400 F and in some applications to 500 F. They are un 
affected by all chemicals except fluorine gas and chlorine 
trifluoride at high temperatures and pressures. Except for 
special applications, however, their present high cost may 
prohibit their use in reinforced plasties. Difficult adhesion 
problems will also have to be solved. 

The low cost, availability, light weight, and excellent 
dielectric properties of paper reinforcements promote their 
use where strength requirements are moderate, They have 
been used mainly with phenolics and melamines for elec 
trical and decorative laminates but also with polyesters 
to a slight extent. 

In general, paper reinforcing materials provide lower 
strength than reinforcements made from textile fibers and 
have poor moisture resistance, As with cotton, it would be 
desirable to have a treatment which would improve mois- 
ture resistance and at the same time be compatible with 
and improve adhesion to the resin. At present, absorbent 
papers with a minimum of size must be used to obtain the 
best impregnation and thus the best electrical properties, 
but at a sacrifice of strength properties. If high strength 
is desired hard, non-absorbent, high-strength paper must 
be used, but these do not impregnate as well and have 
poor electrical properties. 

Recently paper has been made from synthetic fibers 
which is reported to be many times stronger than pulp or 
rag paper, resistant to chemical attack, and low in mois- 
ture absorption. Only experimental quantities have been 
made, however, and the cost therefore will probably be 
high until large scale uses have been developed. 

Other vegetable fibers such as sisal, hemp, ramie, and 
jute have not been used to any great extent even though 
they are strong natural fibers. These fibers are not easily 
wetted with resin and they are quite readily broken down 
during processing. In addition, they cost more, have higher 
water absorption, or are less available than other fibers. 
Again, proper sizing procedures might greatly reduce the 
moisture sensitivity of some of these fibers and improve 
their compatibility with bonding resins. 

In molding with natural organic fibers, such as cotton 
and particularly the more economical and stronger jute 
fibers, the appearance of the fibers in the crude state is 
very unattractive. Cleaning or bleaching to improve ap- 
pearance will destroy the strength properties, For many 
applications where high shear and impact strength are 
emphasized and good appearance is desired, a core of crude 
jute or cotton with an overlay of “Orlon” acrylic fiber may 
be a good combination, 

In addition to glass, other inorganic materials which 
can be used for reinforcement of plastics are asbestos and 
metallic sheets and fibers. The relative cost of the metallic 
reinforcements is very high, however, and their use is 
limited to applications requiring special mechanical rein- 
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forcement, thermal distribution, or electrical shielding pro 


perties not obtainable with lower cost reinforcements, 
The advantages and disadvantages of asbestos are 
summarized in Table 5. This cheap and readily avail 


able fibrous material has been used for many years, 


mainly with phenolics and melamines, to produce rein 
forced plastics of high dimensional stability and = high 
temperature resistance. Continuous use of asbestos lamin 
ates over a temperature range of 375 -400 F is possible 
and intermittent operation up to 500-525 F may be 
practical! 

There has been some controversy over the strength 
properties obtained with asbestos reinforced plastics, with 
some claiming that these plastics can be made stronge) 
than glass reinforced plastics. The strength properties of 
present commercial plastics reinforced with asbestos fabric 
are generally given as somewhat lower than those of plas 
tics reinforced with glass fabric, The use of asbestos in 
mat or felt form, however, should result in very high 
strength properties, as evidenced by the strength prop 
erties shown in Table 6 of laminates with an asbestos re 
inforeing felt. Plastics reinforced with asbestos felts ap 
pear promising for meeting the demands of extreme temp 
erature and = stress encountered in high speed aircraft 
and guided missiles, 

Also of interest is the reinforcing effeet of non glass 
non-fiber compounds, such as silica particles which have 
been reacted with butyl aleohol so that butyl radicals pro 
trude from the silica surface. Even as little as 1'2% 
of this product, commercially known as “Valron” milled 
in with a “Selectron” 5003 polyester resin on an ink mill 

(Please turn to page 58) 


JI. S. Hicks, Low-Pressure Laminating of Plastics, Rein 
hold, New York, 1947. 


TABLE 5 
Asbestos Reinforcing Fiber 


Advantages 
(1) Resistance to high temperature. 
(2 Non-flammable. 
(3) Low cost and widespread availability. 
(4) Good chemical resistance. 
(5) Water resistant (O.8% absorption at S0% 
RH. 
(6) Imparts high flexural modulus (according 
to British reports). 
Disadvantages 
Brittle and poor resistance to abrasion. 
(2) Higher specific gravity than organic fibers 
(synthetic and vegetable), 
(3) Produces poorer electrical properties than 
cellulose paper or glass unless special grades 
are used. 


TABLE 6 


Strength Properties of Laminates Using Asbestos 
Reinforcing Felt 
Tensile Strength 50,000-55,000 psi 
Flexural Strength 
Compressive Strength 
Modulus of Elasticity 


60,0000 65,000 psi 
30,0000 35,000 psi 
15 x 10° psi 


Source: 


Raybesto -Manhattan, Ine... Ishestos Tertile 
VISION, teclinical data, 
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Automatic 


Injection Molding 


Donald H. Lewis 
Packard Blecetrie Div., GMC. 


UESTION. Automatic molding? What kind = of 

equipment would [ need? 

Answer: The process involves conventional equipment 
and conventional tool design with added features to re 
move molded parts from a die without an operator. 


UESTION: What processing problems will arise if an 

operator is removed even though the theory of auto- 
matic molding is well known to me? 

Answer: Theory is not enough, and the problem is all 
the more increased due to every different molded part 
having molding problems peculiar to itself. No one in- 
dividual ean put into writing exactly what to do to develop 
in automatic molding process. The only advice that can 
be given is, that through a general description of the 
process a few hints or ideas may, if applied to another 
class of molded parts, put a molder on the road to auto- 


molding. 


Types of Molded Parts Applicable 


The parts molded are small, non-decorative and com- 
plicated, involving delicate core and cavity work. The 
tolerances expected are or greater. With this 
type of part being the major items of manufacture, it is 
only natural that fairly sound advice will be given to this 
class of molding; advice on other molded items is strictly 
opinion, It is felt that automatic molding for mass pro 
duction is strictly for parts the size of an average tumbler 
or under. Larger parts are being molded automatically, 
but limitations should be considerable where 40 or 50 
machines are involved, The problems intensify with the 
ize of machine and mold. Decorative items may be 
cratched or marred when struck with a die wiper or 
when falling down a chute. The parts manufactured are 
trietly industrial, requiring no special finishing or pack- 
aging. The eateh pan at the press is emptied into a wire 
bound box, and the box is ready for shipment or storage 
when full. Parts requiring careful trimming or packing 
also require a person to perform these operations and 
the person involved may as well run the press. The 
only gain here would be, if the operator has “wait time” 
in spite of his duties other than tending a molding press, 
he could be set up with two or three automatic machines. 
This arrangement if properly planned would effect full 
utilization of labor, an often overlooked item in) many 
molding plants today. 

The types of parts applicable then may be summar 
ized as follows 

\. Small industrial items requiring no inserts, finishing, 
decorative or packaging properties are ideal, 
BK. Large castings over the size of an average tumbler, 


in our opinion, are limited. 


Twenty etaht 


C. Small items requiring inserts, special packaging, 
finishing ete. which an individual must perform any- 
way may be applicable if the individual in’ time 
study terms is not “fully loaded” while running one 
machine, he may be set up to run two or three. 


Quantity and Production Runs Required 

The quantities required and the length of production 
runs needed are probably stumbling blocks in the eyes 
of most custom molders. Statements have been made to 
the effect that “Because of being a large company big 
inventories can be carried and long standing orders are 
guaranteed. This is the reascn you are able to risk the 
investment in tools and equipment for automatic molding. 
As a custom molder I am plagued with short runs, num 
erous material changes, numerous die changes. Many of 
my orders are of one run duration. | can’t carry any in- 
ventory.” These are definitely problems facing most 
molders, and probably this operation is no exception. 
Orders come only if our price is competitive, all planning 
is on a one year basis, 30 day inventory is maximum, 
runs are long, short and in between, material changes are 
frequent. The molding operation from this standpoint is 
no different from that experienced by custom molders, and 
this condition should not be a limiting factor. 

The only time when quantities play an important role 
is in originating an automatic line. Onee the line is 
established, the various change-overs are of no more con- 
sequence than they are when an operater runs” each 
machine. It is feasible and possible to start a line of two 
or three presses and gradually add to it. As long as the 
capital investment and production of two small dies and 
presses are equivalent to one large press and mold, no 
money is lost, and every subsequent increase in the line 
effects a labor reduction. 

The quantities and orders required then may be sum 
marized as follows: 

A. Large orders are very helpful to originave a line 
but not necessary. 

BR. The success of this process 1s not guined from long 
term guarantees or large inventories. 

C. Once a line is established any type of run ean be 


produced economically. 


Economics 

Every plant utilizes a general accounting system with 
modifications peculiar to the type of manufacturing in 
volved. The following is a theoretical analysis and will 
serve only as a guide. The analysis is based on a compar 
son between large molds and machines, and a number of 
small molds and machines being tended by one operator. 
It is again emphasized that these figures do not represent 
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fact but are an example of an approach to an economic 
analysis. On the other hand, the significance of savings 
involved is realistic and could very well be made in any 
molding plant. 


For the analysis, four parts were established as the 


number of parts for which a molding process is to be 
established. These parts will be designated as A, B, C, and 
D. Table I lists the tool and equipment costs based on 
building the largest molds practical for each part. Table 
Il lists the labor and burden costs for larger equipment. 
The hourly rates are fairly representative of the industry 
but are definitely a supposition. Further analysis shows 
that Tables III and IV are similar lists with the exception 
that these tables represent the tool and equipment, labor 
and overhead costs for a small automatic molding process. 
A comparison of the two processes (Table V and V1) then 
reveals that a switch to automatic molding has saved 
$48,000 in tool and equipment investment and $30,690 per 
year in labor and operating costs. Assuming then that the 
parts involved are practical for automatic molding, there 
is no question that in this case automatic molding would 
save a considerable sum of money. 

This example is fine where new equipment and new 
tooling are required. However, the pictures change where 
new tools are needed and capacity is available in present 
equipment or where the possibility of retooling established 
parts is concerned. It is up to the individual to decide 
whether or not he can obsolete existing equipment and 
tooling and purchase new tooling and equipment for an 
automatic process, 

Be certain to inelude all phases of savings when 
establishing overhead costs. For small equipment. die 
changes are quicker, material changes require less purging, 
starting up and and shutting down is less time consuming, 
equipment and tool maintenance is less, power and water 
requirements are less. All of these intangible hidden costs 
greatly affect a comparison between small automatic 
equipment and large conventional machines, 

The economics of automatic molding may be sum 
marized then as follows: 

A. For new products where new machinery and tools 
are required, significant sums of money are saved. 

B. It is up to the individual to decide upon the econom- 
ies of replacement of existing tooling and equipment 
with automatic tooling and equipment. 

C. Do not overlook the overhead savings that can be 
realized from smaller equipment and tooling, 


Automatic Injection Molding Machines 


To the best of my knowledge there is not an auto- 
matic injection molding machine on the market that 
guarantees that the mere purchase of this machine will 
put a molder into automatic molding. All machines are 
built basically as conventional machines and employ added 
features such as recyling timers, various means to wipe 
parts from a mold, low pressure closing, and alarm = sy 
stems. Any molder has machines in his plant that can be 
made to run automatically with a little additional ex- 
pense, 

The machines in this process are basically conven 
tional molding presses with the extras for automatic op 
eration, Extra cost has also been applied to the equipment 
for features such as modified J.C. specifications for the 
electrical components and higher cost) instrumentation. 
These items, however, pay for themselves whether the 
machines run automatically or conventionally. Anyone 
purchasing equipment and cutting corners on instrumenta- 
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tion or electrical or mechanical construction is saving 


money initially but losing this savings over and over 


again in production operation. The safety precautions 
needed other than strictly automatic features must not 
be considered extra cost. A wise molder purchases the 
equipment he can whether the machine is to be run auto 
matically or not, 

The maintenance on automatic equipment is also in 
line with the care that should be given to conventional 
equipment. However, in many plants, machines are not 
cared for properly and run until uncorrected minor faults 
result in major repairs and production losses. An operator 
at a press can cover up for faulty instruments, timers and 
hydraulic valves by making adjustments as often as each 
shot. However, in automatie molding this “adjustment for 
each shot practice” is out. With automatic molding you 
are forced to care for your equipment, and fortunately 
this care saves you money. This same type of care may 
economically be applied to conventional equipment and i 
not an extra burden of the process. No attempt will be 
made to describe a maintenance plan, but such a plan 
is a must for any type of molding equipment as well a 
automatic equipment. 

Another phase of equipment handling often improper 
ly performed is installation. It would be interesting to 
hear a group of machinery builders deseribe how they 
have seen some of their machines installed. The result 
would be unbelievable. For automatic molding a sound in 
stallation from the power and water source down to the 
grouting is a must. There again you are foreed to do a 
correct job that again over the long haul saves money. A 
sound installation therefore should not be considered a 
burden of the automatic process, since the same type of 
installation should be applied to conventional equipment. 

This phase of autematic molding may be summarized 
as follows: 

A. The majority if not all automatic injection molding 
machines are conventional machines with automatic 
features added. 

B. Extra emphasis should be placed on purchasing a 
rugged machine with precise instrumentation. 

C. Installation and care of equipment must be well 
planned and sound. Breakdowns must be predicted 


and routine maintenance inspections must be set up. 


Tool Design 


No one phase of automatie molding can be singled 
out as being the most Important, However, tool design 
and construction is definitely the most difficult to accom 
plish correctly. Each mold for a new part is generally 
something different and has no more a chance of working 
perfectly than did the first molding machine built \ 
machine manufacturer has the advantage of building bas 
ically the same machine for sufficient periods finally to 
improve his construction to a point approaching perfec 
tion. The mold maker must start from serateh on each 
new mold, and it is only natural that problems are signifi 
cant when initial production is attempted, 

The mold for automatic molding must be very nearly 
trouble-free. The development process must go way be 
yond the point where conventional mold development 
usually stops. The operator can’t sort defective part 
and mold lubricants cannot be applied. “Stuck” parts ear 
not be removed. The molding machine operator covers up 
for many evils. In automatic molding these evils mu 
be dealt with. 


As mentioned in the introduction, the mold design 
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TABLE | 
Large Mold Equipment Costs and Mold Costs 


Molds Presses 
Part Monthly Cavities Cycle Parts Molding Req'd 21 Req'd 21 Total Mold Press 
Name Order Per Mold See. Per Hr. Hours da-1l6hrs da-16 hrs. Cost Size 
\ 150.000 24 36 2400 63 15.000 OZ. 
RB 1,000,000 64 Ww 5760 174 1 2 12.000 20 OZ. 
2 64 5760 348 1.03 26,000 20 OZ. 
D 300,000 24 36 2400 125 I AD 18,000 20) 02. 
Potal tool cost $71,000 
Total equipment cost 2, 20 02. machines at 40,000 $80,000 2.15 $71,000 
TABLE II 
Large Mold Labor and Burden Costs 
Part Prod. Labor Cost **Burden Cost Total Cost Monthly Total Labor Total Burden Total Cost 
Name Per Hr. Per Part Per Part Per Part Order Cost) Month Cost’ Month Per Month ’ 
A 2400 S.000625 $.00354 S.004165 150,000 S 93.60 S 530.00 S$ 623.60 
5760 00260 OOLAT OOLTS0 1,000,000 260.00 1,470.00 1LT30.00 
I) 2400 MO0G25 0854 04165 800,000 187.20 1,060.00 1247.20 
SLOGOLSO S6 000,00 
$1.50 per hour labor 
$8.50 per hour burden 
Total labor cost is $1,060.80; plus Total Burden Cost $6,000.00; Total operating cost $7,060.80. 
TABLE Ill 
Small Mold Equipment Costs and Mold Costs 
Molds Presses 
Part Monthly Cavities Cycle Parts Molding Req'd 21 Req’d 21) Total Mold Press 
Name Order Per Mold See. Per Hr. Hours da-l6hrs. da-16 hrs. Cost Size 
\ 150,000 1440 104 6.000 1 oz. 
1,000,000 32 30 3840 261 l 7,000 4 02. 
2 000,000 D4 0) PRRO 695 2 2.01 16,000 1 oz, 
200,000 20 1440 208 l 7,000 
3.71 S26,000 
Total tool cost $26,000 
Total equipment cost 4, 402. machines at $18,000 $72,000 
TABLE IV 
Small Mold Labor and Burden Costs 
Part Prod. Labor Cost Burden Cost Total Cost Monthly Total Labor Total Burden Total Cost 
Ab Name Per Hr. Per Part Per Part Per Part Order Cost) Month Cost) Month Per Month 
A 1440 S.000240 S.00240 S.002640 150,000 37.00 S 3870.00 407.00 
4840 009] HO 100) 1,000,000 91.00 910.00 1,001.00 
PRRO 000122 0122 OOL842 2 000,000 244.00 444.00 2 
1440 000240 0240 02640 300,000 37.00 370.00 107.00 
S409.00 $4,094.00 $4,503.00 
‘ $ 5 per hour per machine 
4 $3.50 per hour per machine 
Total labor Cost is $409.00; plus Total Burden Cost $4,094.00; Total Operating Cost $4,503.00, “i 
TABLE V TABLE VI 
Comparative Mold and Equipment Costs Comparative Labor and Burden Costs st 
Large Small Total Total Total 
Mold Cost $ 71,000 £ 6.000 Labor Cost Burden Cost Operating 
equipment Cost 80,000 72.000 
Large Mold 1060.80 6,000.00 7,060.80 
S151,000 000 Savings $45,000 Small Mold 1,094.00 $508.00 
Monthly Savings 65180 1,906.00 2,557.80 
Yearly Savings TROOLOO 22 30,690.00 
Thirty SPE JOURNAL, March, 1956 
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two-plate and 


conventional, consisting of 
molds. The 
parts coming out one 
the other. 


parts and 


three plate 


three-plate molds are self trimming with the 


side of the machine and the sprues 


Pneumatic die wipers are used to wipe the 


sprues from the mold. This is naturally the 


most popular design, but limitations of part construction 
molded 


For this class of part, two-plate molds 


prevents numerous pieces from being built in 


three-plate molds. 
tunnel 
plete shot with parts attached to runner. The parts then 


are used with gating or simply wiping the com 


tumbling in sub- 
additional 


are sorted from sprues by hand, or by 


sequent operations. This approach even with 
operations is still economical 

As pointed out on machinery design and construction, 
the superior tool construction and development needed 
considered a burden of automatic molding. 
a partially developed 


and cheaply constructed conventional mold the extra 


should not be 
If the intangible costs are known on 
itial effort and money would result in a savings over the 
long haul. 

The tooling phase of automatic molding is summit 
ized as follows: 
troublesome initially the 


A. Tooling is the most 


most difficult to keep in good repair, 

B. High grade steel and sound construction and design 
are a must. 

C. The tool design used is conventional, involving two 
and three plate molds. 

D. A planned maintenance program is necessary and, as 
with equipment, breakdowns must be predicted. 


Engineering Practices 

Automatic 
creases overhead from the standpoint of engineering and 
The quality 
achieved 


molding reduces productive labor but in 
required for equipment and 
with the 
existing in any 


technical help. 


tooling cannot be usual overloaded 


engineering staff generally rapidly ex 
panding industry. 


thoroughly engineered. As mentioned earlier, the removal 


Every phase of the process must be 
of an operator from a molding press uncovers many weak 


nesses. The engineering staff plays an important part in 
overcoming these weaknesses. For operation of an auto- 
matic molding process a ratio of one process engineer for 
two production operators is not considered unreasonable. 
This ratio does not on the other hand result in sufficient 
additional cost to offset 
Engineering practice is summarized as follows: 

A, Additional technical help is needed to plan and carry 
out the 
quired, 

B. This assistance is necessitated by the removal of an 


the productive labor savings. 


high quality design and maintenance re 


operator uncovering the many weaknesses existing 


in a conventional process. 


Production Practices 


An automatic molding machine operator should in 


reality be termed a machine tender. He no longer is need 


ed to remove parts from the mold or to open or close 


starting up or shut 
weekends, 


machines where sprues 


the press. His duties now consist of 
ting after die 
terial hoppers full, “unjamming”’ 
failed to be 
electrical trouble the 
check, 
troublesome. A 


down keep omit 


changes or on 
ejected, reporting mechanical or 
like. It 
phases of the 
check hy 
little defects 


a major 


or parts 
is Wise to develop it 
that 
operator 


routine listing all operation 


could be daily each 


has uncovered in our process many which 


cause trouble and normally go unobserved until 
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breakdown results. This daily cheek has met with 


siderable success, 
With 


supervision are greatly 


molding, problems for  productior 


automatic 
increased. Production supervisiot 
must include both personnel and technical men, The super 
visor generally is a combination of both, the teehnical 
number of 


work 


“assistance in 


phase being the most important since the 


presses is considerably larger than the number of 
ers. As with engineering service, Ssupervisol 
production is increased over what is normally needed with 
a semi-automatic molding department. This increase, how 
ever, does not by any means offset the labor savings but 
should be 


possible to give a hard-and-fast rule 


considered in initial cost surveys. It is not 


for production super 
visor needs. 


The production supervisor’s duties include being abl 


to spot and guide maintenance and engineering peopl 


the trouble areas, schedule dies to equipment, Supervise 


production workers, maintain efficiency, work within. the 
department’s budget, and carry out the many other fun 


tions of operating a production operation. production 


foreman with a sound technical knowledge of molds and 


yperation uo omust and can 


equipment and their proper 


make or break an automatic molding proce 


Production practice may be summarized as follows 


A, Operator duties are transformed into a machine 
tender rather than operator. 
B. A daily check list should be established pin pointing 
trouble areas. 
techn 


should be hore of at 


Machines 


out number the number of operators. 


C. Production supervision 


eal nature than personne! substantially 


Production supervision should be increased over that 


normaliy required for conventional molding. 


Conclusions 


From this paper then the following main points may 
be established, 
1. In our opinion automatic molding is for small part 


2. Present day 


inventory and scheduling practice doe 


not hinder the process. 


3. Conventional tool and equipment design can readily 


be applied to automatic molding if design and con 
struction is of sound quality. 
installation om 


4. Tool and equipment operation and 


be perfected beyond the normal stopping point 


convention molding. 
help must be mereased 


Supervisory and technical 


with the removal of an operator. 
Any molding plant practicing sound operating meth 
little extra effort, should meet 
serious problems in 


ods now, with a with no 


starting an automatic molding line 


Those who use careless production practices will have to 
mend their ways if they start thinking automatic molding 

A final note should be made with respeet to the eften 
True, 
early in the injection molding era automatic molding wa 
quickly died out. i 


simply by the faet 


heard phrase, “automatic molding is nothing new.” 


tried and explained, ino my 


opinion, very that present day equip 


nfent is superior, Tool construction is considerably in 


molding technology ire oon 


fieldl fon 


proved, molding materials and 


proved beyond comparison and the lucrative 


molded parts today includes countless numbers of item 


lend 
parts approach the class of 


which themselves to the proc: If your molded 


molded in this proe 
for the risk, and the 


part 
automatic injection molding is 
try. 


yours 


) 

in 
| 

~ 
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Epoxy Resins for Plastics Tooling 


Lawrence R. Sparrow 


Re public leiation ¢ ‘orporation 


IN RECENT YEARS the introduction of liquid, 
thermosetting, room temperature curing plastics 
have created far-reaching changes in tooling. These 
changes are most noticeable in those industries where ua 
large variety of metal forming tools is required, notably 
the aircraft and automotive industries. 

One of the first plastics w idely used for tooling was 
the cast phenolics. These were used for checking fixtures, 
stretch forms, and press blocks. However, for room tem- 
perature cure, phenolics generally require acidic hardeners, 
Since excess hardener (over stoichrometric requirements) 
was often used to achieve full cure, metals left in contact 
with the phenolic casting were subject to rapid corrosion. 

This difficulty was overcome in some cases by the use 
of polyester laminates. These were, and. still are, used 
for trim fixtures, drill fixtures, and templates. But poly- 
esters also have faults. They are subject to considerable 
shrinkage on cure, 

Although phenolics and polyesters still find wide use 
in tooling applications, a newer material has entered the 
field. Epoxy resins represent the closest approach to an 
ideal tooling material. The epoxies exhibit low cure shrink- 
age, are non-corrosive, show excellent strength character- 
istics and may be formulated to yield a wide range of phy- 
sical properties. They are replacing not only other plastics 
but also common tooling metals such as kirksite. 


History 

The development of plastic tooling may be illustrated 
by the drop hammer die development program at Republic 
Aviation Corporation, Drop hammer dies were generally 
made of kirksite females and lead males. 

This procedure required much expensive equipment 
and considerable hand labor to produce a tool of high 
quality. It was felt that costs would be greatly reduced if 
these dies could be cast directly to final contour using 
more readily handled materials. Liquid resins capable of 
room temperature cure were thought to be ideal if they 
could endure the beating of a production run, 

Cast phenolics were the first materials investigated. 
They were used as facing for a reinforced concrete core. 
They failed in test owing to the inherent brittleness of the 
phenolics. The next trial consisted of a bag-molded glass- 
cloth polyester face with reinforced concrete core. Al- 
though the tool withstood the physical stressing of the 
tests, the skins produced were scratched by the glass. Also, 
hand lay-up of the laminate was time consuming. 

The investigation turned next to a bag-molded glass 
fiber filled polyester again with a reinforced concrete core 
This test failed owing to the high shrinkage of the poly 
ester. Although not tested by RAC, ethocel and cellulose 
acetate butyrate hot melt systems were tried by other 


infu lwo 


companies with small success. 

An epoxy-glass laminate was then tried with a filled 
epoxy core, Aside from being time consuming, hand lay- 
up of laminates was found to retain small bubbles of air 
which in time broke through the surface causing marring 
of the metal skins, At this point, casting of thin sections 
of epoxy resins had become feasible. A filled epoxy core 
was faced with a flexible epoxy for the female and a hard 
epoxy for the male. This tool yielded the first successful 
test results. However, the heat evolved in cure of large 
epoxy castings made single pour dies impractical. 

Attention was then given to the possibility of capping 
rough cast kirksite with epoxy resin formulations. This, it 
was felt, would remove one of the major drawbacks of 
kirksite, the necessity of hand finishing, and utilize the 
thin section casting potential of epoxies. After a few more 
trials, a production procedure was released for capping of 
kirksite males with a flexible epoxy resin. The females 
were still hand finished kirksite but considerable savings 
were realized, 

Continued development has resulted in the recent release 
of a hard epoxy capping formulation for use on kirksite 
females. In test currently is an all-epoxy drop hammer die 
for which both male and female are individually cast in 


single pours. 


Production Methods 
There are five basic steps in the production of cast 
epoxy tools. These are as follows: 

1. Mold—The surface to be reproduced is generally a 
plaster splash taken from the master model. Occa- 
sionally, the master may be reproduced directly in 
epoxy. Plaster, when used, must be dried to below 
27 moisture content to prevent surface distortion. 

The mold is then coated with a suitable parting agent. 
(Fig. 1) 
Form-—It is generally necessary to build a form a 


round the prepared mold to contain the liquid resin. 
The form may be made of wood, metal, plaster, ete. 
although metal is preferred as it aids in heat dis- 
sipation, (Fig. 2) 

Casting Resin—The casting resin is a liquid epoxy 
formulation, generally containing a hardener system 


capable of yielding a room temperature cure. The 
basic properties of the epoxy may be modified by the 
use of flexibilizers, fillers, diluents, and various hard- 
eners to yield the desired properties for the tool, The 
formulated components are thoroughly mixed and 
poured into the mold form, 

1. Cure—Cure time is dependent upon the hardener or 
curing agent used and is generally under 24 hours for 
tooling applications. Actually, with room temperature 
systems, cure continues for 10 days or more before 
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final properties are reached although 24 hours are 
sufficient for mold removal. 

5. Cores—In many cases, owing to size of tool and rela 
tively high cost of epoxy resins, low cost cores are 


used. Such cores may be based upon epoxy or other ’ 
resins of high filler content, upon plastic foams, on P 
upon cast metals such as kirksite. For some tools, 7 
hollow cores may be used. X 
The methods used in producing epoxy capped kirksite 
and all epoxy drop hammer dies are compared in Table 1. % x. wd 
Approximately 110 man-hours are required to produce a ~~ 
typical kirksite-lead die. This has been reduced to approxi | , 
mately 60 man-hours for a plastic-capped kirksite die. A 
further reduction to approximately 30 man-hours may be . 
\ expected for all-epoxy dies, 
The density of kirksite is approximately 452 lbs. cu.ft. A 7) 
1 he density of the epoxy casting formulation used at RAC 
is approximately 98 Ibs. cu.ft. Die handling problems are 


considerably reduced with the use of epoxy dies. This is 
even more noticeable in stretch dies where a foamed core is 
used yielding a considerable further reduction in weight. 


Table |—Production Procedure 
Comparison 
Epoxy All 
Procedure Capped Kirksite Epoxy 
1. Plaster female foundry 
pattern is made Yes No 
2. Plaster male face cast 
Is made Yes Yes 
3. Sand mold is made from 
foundry pattern Yes No — 
4. Rough kirksite female is Figure 2. Plaster mold of figure 1 above has been coated 
cast Yes No with parting lacquer and placed in aluminum form. 


+. Rough kirksite male is 

cast against reugh kirk 

site female Yes No 
6. Plaster face cast is coated 

with parting agent and 

placed in form Yes Yes 
7. Rough kirksite female is 

located in form allowing 

4” to lls” spacing all 

around Yes No 
8. The hard epoxy resin 

components are mixed 

and poured Yes Yes 
9, After cure, the finished 
s coated with 


female 

parting agent and placed 

in form Yes Yes 
10. A small kirksite block 

containing press tie-in 

bolts is cast No Yes 
11. The’ kirksite male is 


placed allowing “4” to 

L's” spacing all around Yes No 
12. The kirksite tie-in block 

is located No Yes 


13. The flexible epoxy resin 

components are mixed 

and poured Yes Yi 
14. After cure, the finished 

die is removed from mold 

form Yes Yes 


An epoxy capped kirksite die is shown in Fig. 


an all-epoxy die in Fig. 4. 
Figure 4. All-epoxy die shown in drop-hammer. 
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Although the kirksite-lead dies may be remelted and 
the metals re-used, the higher per pound cost of materials 
required for epoxy dies is more than offset by the reduced 


labor and handling costs. 


Formulation 

Republic Aviation Corporation is unique in the in- 
dustry in that they do not purehase formulated epoxy 
resins, All epoxy tooling work at RAC is based on Re- 
public developed formulations. In doing this, we can tailor- 
make epoxy resins for individual applications and, thereby 
overcome most of the difficulties involved in the use of 
plastics for tooling. 

Indicative of this is a problem that arose in the drop 
hammer die program, 

Drop hammer dies and other large tools are stored 
outdoors at Republic. Since epoxies weather well, no 
difficulty was expected from the outdoor storage of capped 
dies. However, after a fairly short period of winter storage 
outdoors, the hard epoxy cap of a kirksite female was 
found to be cracked and separated from the kirksite. Ex 
perimental results indicated the cause to be thermal 
eyeling. Die temperatures may vary from approximately 
10) to 150° F during outdoor storage with a change of as 
much as 75 F in a 24 hour period, The reason for the 
separation of the epoxy from the kirksite was found to be 
the difference in the coefficient of linear thermal expan- 
sion between the two. On this basis, a series of tests were 
run to determine ways of combatting this effect. 

Most RAC epoxy casting formulations contain four 
basic Ingredients: epoxy resin, flexibilizer, filler, hardener. 


Table 2—Formulations for Thermal 
Expansion Tests 


Filler Flexibilizer Coeff. of Linear 
(Surfex (Thiokol Thermal 
MM) LP-3) Exp., 0-150 F 
Test No. Parts Parts In. In. Fx 10° 
0 0 S315 
0 27 
4 100 
10 36.5 
10 29 
6 100 10 255 
7 142 10 23 
0 30 51.5 
no 30 45.5 
10 3S 
11 0 34 
12 0 66.5 
13 59 
14 100 50 52.5 
1 150 50 17.5 
16 0 70 
17 nO 70 68.5 
1s 63.5 
19 70 56 


All samples contained 100 parts Epon S28 and 


13.8 parts RAC hardener B. 


Thermal expansion tests were set up on formulations 
containing various quantities of flexibilizer and filler, Test 
samples were cast 1” x 1" x 12” and length measurements 
were made on the cured blocks at temperatures between 


and 150 F, 
On the basis of these tests, the effect of the two for- 


Thirty four 


ter 
£3) 
Avg. Cort of 
Figure 5. Effect of Flexibilizer on Coefficient of Thermal 
Expansion. 
4 
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Figure 6. Effect of Filler on Coefficient of Thermal Expansion. 


mula variables on the coefficient of thermal expansion was 
obtained. Formulations tested are shown in Table 2, Test 
results are shown in Figures 5 and 6. The following con- 
clusions were drawn: 
1. Coefficient of thermal expansion increases with in- 
creasing flexibilizer content. 
2. Coefficient of expansion decreases with increasing 
filler content. 
3. The coefficient of thermal expansion increases with 
increasing temperature. 

The coefficient of expansion of kirksite is approxi- 
mately 10x 10-6 inches inch F; that of unmodified Epon 
S28 with amine hardener is approximately 32x 10 ¢ 
inches inch F. On the basis of these tests, a solution was 
found to the die cap separation problem. Rather than for- 
mulate a resin to the coefficient of expansion of kirksite, 
the simpler expedient of a flexible epoxy-thiokol ! inter- 
layer was tried. This interlayer absorbed the variation in 
expansion, preventing separation. 

The effectiveness of filler addition upon the reduction 
of the coefficient of expansion of epoxy resins is dependent 
upon the coefficient of expansion of the filler. Fillers are 
available having expansions approaching zero but, for the 
most part are fairly expensive and cannot be added in the 
quantities that Surfex? can. If coarser fillers are used and 
resin content kept te a minimum (resin used only as a 
binder for the filler,) the coefficient of expansion of the 
cured material will approach that of the filler alone. 

(Please turn to page 39) 


Thiokol LP- Thiokol Che ( ory. 
-Surtes MM, Diamond Alkali Co. 


SPE JOURNAL, March, 1956 


= 

5 

‘ 

j 

| 


PAINTING 


Part Il 


and METALLIZING 
Plastics 


Lloyd E. Parks 
Logo, Ine. 


This 


countered in 


° 
second imstallinen continues hie discu 


decorating plastic Last month's 


Crazing 
appearance of 


the 


the 


Crazing mars 
ticularly if they 
and crazing reduces the physical strength of plastie parts 


plastic parts, par 


decorated on second surface; 


regardless of the type of decoration. 


When inspection detects crazing on a production line 


Which has previously been free of this problem, it may 
he suspected that either the paint is more active than 
before or that the parts are more highly strained than 


previously. 
determining the 
the problen ‘ If the 


Time can be saved by 
difficulty before attempting to solve 
same type of plastic—polystyrene, for example—is being 
painted successfully on another setup with a similar paint, 
test 


If no other such setup is in operation, it is suggested that 


the “problem parts” can be sprayed on this setup. 
a sample of similar paint, which is known to have worked 
in the past without crazing, be used to spray some of the 
parts. If the parts craze when sprayed by either of these 


other paints, it may be suspected that the parts are moré 
highly strained than previously. 
On the other hand, if the parts do not craze, it may 


be suspected that the paint on the production line is ex 
cessively active for some reason, It is important that al 


ternate paints used for testing be thinned exactly like 


the paint in production. 


All alternate finishes used in such test work should 
be similar to the extent that they are supplied by the 
same company and bear the same vehicle number. Gen 
erally, better accuracy will be obtained if the “problem 
paint” and the alternate paint are similar to the extent 


of pigment type. If a bronze finish is involved in crazing, 
check it 
If the paint 


with a bronze alternate if possible, ete. 


is found excessively active, an inactive 


thinner may solve the problem. However, the amount of 
such thinners or additives must he controlled to uvo d re 
ducing activity of the paint to the point of throwing 


blush 
prescribed 


out of solution or excessive solvent 
If the difficulty cannot be 


thinners, it is usually advisabl 


resins Causing 


solved by use of 
to contact the paint sup 
plier for help. Inactive thinners, other than those recom 
mended by the supplier, should be used with caution, 
If the difficulty is determined to be 


strained parts, the answer is press cycle adjustment for 


OXCESSIVE ly 


molding better parts, or annealing the parts berore paint 
ing. 
The method of annealing is) te 
apply heat at a 
period of time. Polystyrene is 


140° for 


most satisfactory 


relatively low temperature for a long 


monly annealed at ay 


con 


proximately four to eight hours, depending 


on the type and size of parts. Acrylic parts may be an 
nealed at 135° to 160° for varying lengths of time, de 
pending on the type of part and type of acrylie plastic 
Parts of either acrylic or polystyrene may be used d 
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of the analy and the olution of 
stallment dealt with color and alos rariation 
rectly from the press and dipped in hot water for an 


nealing. Seven to ten minutes at 140° to 180 F. should 


be sufficient for most parts. However, the temperature 
ind time ecyele must be worked out for each part 

Parts molded from certain plastics may be cheeked 
for strain before painting by use of certain solvent 
Polystyrene parts may be cheeked by dipping in n-heptane 
for about one minute, If the part shows enough strain 
to craze, it is considered unsatisfactory for painting. Ht 
it does not craze, it is relatively free of strain and should 
be satisfactory. In like manner, ethyl aleohol or ethyl 
acetate may be used to determine the amount of stre 


in aerylic parts. The amount of time required for crazing 


to show after immersion may vary from thirty seconds 
to two minutes, depending on the type and flow of the 
acrylic. Tests of this type should be adjusted to suit the 
requirements, 

Orange Peel and Cratering 

Orange peel and cratering are paint film defects 
Which mar the beauty of the decorated plastics. Orange 
peel appears much like the surface of an orange, from 
Which the effect gets its name. It is a result of poor level 
ing of the paint film, meaning the viscosity of the paint 
was too high when it hit the plastic surface. The answer 
is to spray a film containing more high boiling thinne: 
Generally, thinners are blended to contain) some high 
boiler, so the addition of a little more standard thinne: 
to the paint will suffice in many cases. 

Cratering is usually the result of spraying a paint 
containing too much high boiling thinner, As a result, 
the paint runs out to a very thin film which rupture 
leaving craters or pinholes, Plastic parts whieh contain 


excessive lubricant or other types of contamination have 
painted 
with a little Te 


thin the 


a particular tendency to develop craters when 
The 
thinner, 
sufficiently to spray with standard thinners and still avoid 


answer here is to spray clean parts 


However, if it is impossible te paint 


may be necessary to use a special thinner 


Here 


to balance between cratering and orange 


pinholing, it 


less or no high boilet again, it is necessary 


with 
pret l. 


Dust and Other Foreign Particles 


Dust and other foreign particles may appear a 
specks in or on the paint film. Dust from the spray room 
atmosphere may be mixed with the pray mist in’ the 
application of the paint, or it may settle on the surface 
and become trapped before the paint drie 

Partie present oon the unpainted plastic, tho 
caught in the spray mist and those which settle on the 
freshly sprayed film, may be wet by the paint and sh 
up as raised points in the film only when it completely 
dry. Such particles may be mall enough to be covered 
by the thick wet film, but too large to stay below the 

Thirty five 


le 


irface level of the thin dry film. In the interim between 
the tims film becomes immobile and completely tack 
free, particles of dust may stick to the surface of the 
paint nd have the definite appearance of dust, Foreign 
particles may also exist in the paint as supplied, and this 
should be checked against standard when there is trouble. 

For such tests, the paint must be handled in a dust- 
free tmosphere. A small clean spray room supplied with 
filtered air is most useful. As a second choice, paint may 
be flowed on glass and allowed to dry in the dust free 
itmosphere of a small box supplied with a mild stream 
of filtered air, The thickness of the paint film on the 
gelin hould approximate that of production, 

Control of dust in production requires reducing to 
it minimum the amount of dust formed in the spray room 
ind the amount of dust entering the spray room. Also, 

system of housecleaning must be followed to avoid the 
cccumulation of dust that does enter the area. 

Spray rooms should be as simple as possible with 
smooth walls, ceiling and floor to reduce the accumulation 
of dust. Spray rooms should not be used for storage of 
odds and ends or even cartons of production parts for 
any long period of time. Such items are dust traps and 
very difficult to clean. 

Operation such as buffing and sanding which produce 
dust should not be performed in the spray room. 

Cartons of parts, supplies, equipment and everything 


else brought into the area should be as free of dust as 


pros ible 

The ideal system to replace the air exhausted at 
the pray booths would be to force filtered air into the 
room in sufficient volume to maintain a positive pressure 
at all times. This would effectively eliminate the outside 


itmosphere as a source of dust contamination, A more 
practical solution is a fairly tight spray room equipped 
with filters in the walls or ceiling to remove dust from 
the air as it is drawn to replace that exhausted. 

Sweeping and regular clean-up should be scheduled 
when dust will do the least damage and positive action 
should be taken to avoid stirring up dust when the spray 
lines are in operation. Accumulation of dry paint dust 
in the spray booths can be particularly troublesome since 
it is constantly stirred up by the blast of air from the 
spray gun and by the constant movement of air through 
the booth by the exhaust fan. 

At the regular intervals, or as required, the spray 
department should be cleaned from top to bottom to re- 
move dust accumulated on ledges, shelves, spray booth, 
conveyors and other points not accessible for the daily 


clean-up. 


Metallizing Defects 

Many problems involved in decorating plastics by 
vacuum metallizing concern the lacquers and enamels 
used as base and back-up coats, rather than the aluminum 
itself. Base coats serve to smooth out mold imperfections 
ind to add color where required in metallizing the second 
surface, In some instances, they may also serve to im- 
prove overall adhesion. 

Etching of Plastic by the Base Coat: When the sec- 
ond surface is plated, any attack of the plastic by the 
base coat will show up as blemishes against the bright 
iluminum when viewed through the plastic. Plating actual- 
ly exaggerates surface defects. 

The remedy for this difficulty is, of course, solvent 
adjustment. Such adjustments must be worked out to 
maintain adhesion and all other good properties of the 


undercoat 


rt 


/ r 


Etching of the Base Coat by the Back-Up or Top 
Coat: Since the slightest blemish on a plated surface de- 
tracts from its appearance, etch of the base coat by the 
back-up must be avoided, and this is important in both 
first surface and second surface decorating. It is desirable 
that both the base coat and the back-up coat be inactive 
toward hot stamped film in applications where hot stamp- 
ings are used. 

The solution to this problem is one of the most dif- 
ficult in metallizing finishes. The base coat must have 
adhesion to the plastic, and it must bond with aluminum 
and a back-up coat of sufficient quality to meet specifica- 
tions. The base coat must not be attacked by solvents 
from which the back-up coat can be applied. Such form- 
ulations are very critically balanced and any difficulty 
should be reported to the supplier. 

Covering of Plastic Surface Defect by the Base Coat: 
To obtain the most brilliant metallized finish, it is neces- 
sary to have a smooth surface to plate. Mold marks and 
other surface defects should be thoroughly covered by 
the base coat. Within reasonable limits, the answer to 
this type of defect is thicker film. To be acceptable for 
production, the coating must be so formulated to give 
a film of satisfactory thickness in one coat. Deep marks 
are difficult to cover with any base coat. 

Humidity Blush and Fogging: Humidity blush has 
been particularly troublesome in the plating of plastics, 
and especially so with polystyrene. However, blush  re- 
sistant materials can be formulated by proper selection of 
resins and the precise balance of solvents. Where thin- 
ners are required, it is desirable to use the supplier’s 
recommendation unless considerable time can be allotted 
for checking substitute materials for their affects on the 
metallizing system. 

Moisture Resistance: Moisture can cause fogging of 
metallized surfaces if the improper coatings are used or 
application is faulty. If paint must be exposed to hum- 
idity in service without fogging and loss of adhesion, both 
the base coat and the back-up (or top coat) must be in- 
herently good, Also, the aluminum must be completely 
covered by the protective film. 

Test for humidity resistance should be run only after 
the entire system has cured or dried thoroughly. In the 
case of enamels, the prescribed baking schedule should 
be followed; and in the case of lacquers, a dry time of 
one to two weeks should be allowed. 

Mold Release Agents and Other Surface Contami- 
nates: Blemishes and loss of brilliance accompanied by 
loss of adhesion may be the result of too much mold 
release agent or other foreign substances, such as oil or 
finger marks, on the surface of the plastic before metal- 
lizing. 

The answer to excessive lubricant is to mold parts 
without lubricant, or remove the lubricants with solvents 
before plating. It should be mentioned that labricant is 
often very difficult to remove and the best answer is to 
avoid it. 

Heat Resistance: Heat resistance is important. in 
many applications, such as nameplates on appliances 
which develop heat and nameplates on automobiles and 
on other applications where panels are subjected to direct 
sunlight. Most specifications for these parts require the 
finish to be stable up to 200°F. With some systems, fail- 
ure will occur by cracks, wrinkles and fogging at lower 
temperatures, 

Heat failure is unlikely to develop on the production 
line unless parts are overheated in the curing or drying 
oven. Accordingly, if it is important, heat resistance 
should be a part of the specification and should be checked 
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selecting a metallizing should be 


earefully in 


system. It 


spot checked at intervals by placing well cured or well 


dried parts in an oven at the specific temperature for the 


specific time. 


Light Resistance: Light stability is a property inher 
ent in the combination of resins and the pigments used. 
However, the system should he applied properly. For 


example, the best transparent pigments, 
fade 


particularly reds, 


will somewhat on exposure. Accordingly, the amount 
of pigment present may affect the apparent light stability. 
If the used on 
instance the film is twice as thick 


will 


longer 


same base cout is 


two panels, and in one 
as the other, that panel 
will withstand 
failure. It 


but in 


contain twice as much and 


pigment 


exposure without apparent color may 
also have greater intensity originally, many in- 
stances such intensity is not only acceptable but desirable. 

Also, it is important that 
that it be 


surtace, 


a proper back-up coat be 


used and applied for con plete coverage of the 


metallized Panels for exterior exposure should 


be sealed to prevent moisture from contacting the plate. 


Transparency of Base Coat in Second Surface Dee- 
orating: Transparency of clears and tints should be check- 
ed when coatings must be inherently 


are specified, They 


good since poor compatibility and clarity cannot be over- 
come by spray technique. 
is of 


film 
Incomplete 


uniform 
work. 

coverage, pinholes, excessive craters, dry overspray and 
all the the plated These 
problems, except usually be overcome by 


Film Uniformity: Application of a 


particular importance in metallizing 


dust mar appearance of film. 


for dust, can 
thinner adjustment and spray techniques. As mentioned 
previously, complete coverage of the back-up coat is es- 


pecially important, particularly for applications which re- 
quire durability of the metallized system. 


Metallized Name Plates Attached with Adhesives: 
There is a growing interest in the use of adhesives fot 
attaching metallized plastic parts to metal surfaces. Al 
though the problems are involved, the approach appears 
practical, As a preliminary investigation, acrylic panels 
which had been metallized with different coating systen 
were bonded to steel strips with a mixture of 100) parts 
idhesive EC-1875 and 12 parts ecatalyzer EC-1852. (Pro 
lucts of Minnesota Mining and Manufacturing Company). 
Shear strengths in pounds per square inch were deter 
minded by ASTM designation D-1002-49T “Temtative Meth 
od of Test for Strength Properties of Adhesives in Shea 
by Tension Loading.” 

To qualify for this application, it is essential for a 
plating system to have good adhesion to the plastic. A 
study of Table 1 reveals important differences in the per 
formance of two such systems. For maximum shew 
strength with any specific adhesive, the bond to the back 
up coat must exceed the cohesive (internal) strength, a 
was the case in Specimens 1, 2,5, 4 and 14 

EC-1375 is the best adhesive we have tested to date 
and it does not craze acrylic or the plating systems we 


have used. This bonding agent is 


a polysulfide-type poly 


mer which has no solvent to be trapped between the sur 
faces being joined. Under normal conditions, adhesive 
EC-1375 has a pot life of three to four hours after the 
catalyst is added. Subsequent tests have shown this bond 


ing agent can also be used to attach metallized polysty 


rene to steel. 
At 
degree of 


(approximately TO°R.), a 
eight to 


room temperature, 


adhesion is reached in twelve 


hours, 


with the cure essentially completed in forty eight hours. 


By using moderate heat, it 


curing. Our panels were baked at 140°F, for twenty 


hours to assure a complete cure. 


Specimen Base Back-Up Shear in 


Number Coat Coat Ibs. sq. in. 
] A & 159 
2 A ( 247% 
A ( 230 
4 A ( 259 
5 A D 111 
6 A 1) 185 
A 179 
A 135 
9 A D 112 

10 A D 125 
1] B | 15 
12 None None 144 
13 None None 130 
14 None None 200 


Table 1—Shear Strengths of Adhesive EC-1375 and in bonding metallized 
acrylic to steel. 


Comments 


Cohesive failure. Low strength perhaps due to insufficient 
amount of adhesive to cover entire 


area, 

Cohesive failure, No failure of plated system, 
Cohesive failure. No failure of plated system. 
Cohesive failure, No failure of plated system. 


Adhesive failure at back-up. Strength 
somewhat by bubble in adhesive film 


Adhesive 
Adhesive 
Adhesive 


lowe re d 


per haps 


failure at back-up. No failure of plated system. 


failure at back-up. No failure of plated system. 


failure at back-up. No failure of plated system. 


Adhesive failure at 
tively low strength. 


back-up. No explanation for 


compara 


Adhesive failure at back-up. No failure of plated system. 
Adhesive failure at back-up over most of the area. Also 
there was failure of the plated system, especially between 


aluminum and the under coat. 


Unplated acrylic was bonded to steel. Adhesive failure 


over most of plastic area, 
together, 


Two pieces of unplated acrylic bonded 


Adhesive failure at plastic surfaces 


were 


Two pieces of steel were bonded together. Cohe ve f 


of adhesive. 


is possible to aecelerate the 


four 
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tie EC-959, supplied by Minnesota Mining, con 


tit in aliphatic hydrocarbon as a solvent. Materials of 
tn type may be used for adhesives if the solvent does 
t attack the plating system. Also, precautions have to 
he taken to avoid entrapment of the volatile components. 


On large pleces, the mastic should be applied and 
llawed to stand for a predetermined time. This allows 
the preater part of the solvent to escape before the bond 
made, The remainder will migrate to the edges. These 
pecial precautions usually are not necessary on small 


pieces and where the central areas are not far from the 


Water dispersed adhesives can be used to attach 
netallized plasties to porous surfaces such as wood, felt or 
rdbourd, which will absorb the water, Minnesota Mining 
KC-S71 has been found suitable, and also has shown 
promise for bonding to non-porous surfaces like metal. 
Most water-dispersed adhesives do not affect either the 
ierylic or the metallizing system. 

These advantages may justify the special efforts 
vhich are sometimes necessary to avoid moisture be- 
coming blocked between the bonded surfaces as drying 
proceeds from the edges. One solution is to apply the 

iter dispersed adhesive to the non-porous surface and 
to the metallized piece and allow it to dry. Then the sur 
faces can be softened by a solvent and joined with the 
id of heat and pressure. Subsequently, the small amount 
of solvent will migrate to the edges. 
Adhesion Failures 

It is essential that the paint have good adhesion to 
the plastic. Before a paint is specified, it should be check- 
ed for adhesion to the type of plastic on which it will be 
s known from experience to be 


used unl the material 
satisfaetory. In some eases, failures of adhesion can be 
by visual inspection. During drying, the film 
hrinks and may pull away from the surface, especially at 
internal corners and narrow depressions. This is called 
“bridging,” and may take the form of bubbles on the 
first surface and appear as glazed areas on the second 
urface, In extreme cases, the paint may flake from nar- 
row edges or letters and may even curl upward to fall 
off flat surfaces 

Kqually serious, and probably more frequent, are 
causes Where the paint) passes visual inspection when 
part ure packed, but subsequently the poor adhesion is 
detected by the tape test or by failure in service, Ac- 
cordingly, a sufficient number of production parts should 
ilways be checked with tape to insure that the purchaser’s 
pecifications will be met. 

if a type of paint has a good record of adhesion to 
au particular type of plastic, it is quite likely that any 
failure can be traced to irregularities in methods of ap- 
plication, Almost without exception, failure of adhesion 
is the result of one of the problems listed in Table 2. 
Table 2—Causes of Failures of Adhesion 
1— Dry Spray 
2—Blush resulting from high relative humidity 
$—Blush or resin kick-out resulting from excessive 


inactive thinner 
{—Blush resulting from water in the air line 
5—Oil in the air line 
6—Mold release agents 
Other surface contaminants 

Whereas it is difficult to define exact procedure to 
ver all cireumstanees, the cause of adhesion failure ean 


isually be determined by the following steps of inves 


I—Compare Gloss of Paint on “Problem Part” with 


Standard: 


Thirty erolit 


A—If there has been a reduction of gloss, the answer 
is likely dry spray or some type of blush. (Loss 
may be accompanied by a slight change in color). 
i—If 
is likely to be very rough. 

2-—-If it is a severe case of blush, there may be 


t is dry spray, the surface of the paint film 


slight roughening of the paint film, but usually 
it will be smooth. 

B—If gloss of the standard is very high and there 
has been ho loss of gloss, 
1—Dry spray is not the answer. 

2—Blush is probably not the answer, since even 
slight blush usually fogs a high-gloss film. 
$—The answer may be any of the other causes 

listed in Table 2. 

C—If gloss of the standard is only fair, semi-flat or 
flat, and there has been no noticeable reduction of 
gloss of change in appearance, 
i—Dry spray is probably not the answer, since 

it is usually accompanied by a severe rough- 

ening of the paint film. 

2—Blush may be the answer, since it can cause 

loss of adhesion without visual affeet on such 

low-gloss films. 

3—The answer may be any of the other problems 

listed in Table 2. 

Il—If Dry Spray is Indicated, but not confirmed in Step I, 
spray a part on the production line with the same paint, 
thinned the same way as done to produce the “problem 
parts.” Take special care to see that the part is sprayed 
wet. If the paint dries to a smooth surface and has ad- 
hesion, dry spray caused the adhesion to fail. 

If the paint is difficult to handle in production with- 
out getting dry spray, a higher boiling thinner may be 
necessary. 
111--If Blush is Indicated on the basis of Step 1, prepare 
a part with paint from the production line. After a short 
period of air-dry to remove some of the active solvent, 
complete the drying in forced hot air at about 140°F. 

A—If the paint develops adhesion, in all probability 
the problem was some type of blush. However, 
this test may be misleading if etch results when 
the part is heated. 

B If the paint does not develop adhesion, the prob- 
lem may still be blush, but that is rather un- 
likely. 

Although the evidence may favor blush as the 

cause, time may be saved by checking for mold 

release compounds and other contaminants on the 
plastic surface before trying to determine the 
type of blush. 

Check for Surface Contaminants: 

A—Clean a batch of parts with a thinner inactive 
toward the plastic and spray the parts on the 
production line. 

] If the paint develops adhesion, the problem 
was due to some sort of surface contamina- 
tion and was not a result of blush or a result 
of oil in the spray line. 

The contaminant may have been a moderate 
amount of mold release compound or an oily 
substance from some other source. The remedy 
is to avoid contamination or to clean the parts 


with solvent before painting. 


yA If the paint does not develop adhesion, the 
problem still be contamination on the 
surface which was not removed by solvent. 
Excessive mold release compound is usually 
difficult to remove. Oil in the spray line or 
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some type of blush may also be suspected. 

B—Obtain parts of the same type of plastic known 
to be free of surface contamination and spray 
them on a production lin 
Such parts may be obtained from another line 
that is using exactly the same type of paint and 
having no adhesion troubk 
They may be parts from a batch known to have 
been trouble-free in the past 
Better yet, they may be parts to which the same 
type of paint adhered previously, but has been 
removed by solvent washing. 
1—If paint from the production line adheres to 
these parts, the problem was contaminants on 
the surface which were not removed by the 
solvent. In the majority of cases, these will be 
found to be mold release compounds. Silicones 
are particularly troublesome. 

2—If the paint does not develop adhesion, the 
answer is probably oil in the air line or blush 
of some type. 

Oil in the air line frequently causes spotting 
and or craters. 

V—Check the Air Line: Transfer some of the “problem 

paint” to another line that has been producing good re- 

sults with the same type of paint when applied to the 
sume type of plastic. 
A—If the new setup produces good results, oil or 
water in the “problem-line” is almost confined. 
The compressor, air line and traps should be 
thoroughly cleaned, It may be necessary to break 
into the lines and wash them out with a solvent 
if they contain much oil. 

B If the new setup does not produce good results, 
blush appears to be the problem, even though the 
contrary may have been indicated by other tests. 
The blush may be the result of resin kick-out by 
an inactive solvent. This may occur at any time, 
even when the humidity is very low. 

Humidity blush should be expected when the 
humidity is high. The solution to this problem 
is proper thinning of a paint with inherently good 


resistance to humidity blush. 


Epoxy Resins .. . 
(Continued from page 34) 

With epoxies, as with other resins, a certain amount 
of shrinkage is expected during cure. One of the great 
advantages of epoxies is that this cure shrinkage Is very 
low and may be further reduced by the incorporation of 
fillers, However, the high exothermic temperatures often 
involved in room temperature cure epoxies May cause con 
siderable apparent shrinkage. Generally, the maximum 
exotherm temperature is reached just after gellation 
occurs. This temperature is dependent upon the size of the 
casting and the formulation used, and may be as high as 
400° F. Cooling of the solid resin to room temperature may 
cause a contraction of as much as 0.8 inches per foot 
owing to the coefficient of expansion of the resin, resulting 
in cracking of the casting. It is therefore advisable to keep 
the exotherm to a minimum. This may be done by proper 
choice of the hardener system, fillers, flexibilizers, and 
diluents used in formulating the tooling resin, 

The most commonly used hardeners for room temper 


ature cure are aliphatic amines, These hardeners 


are readily mixed with the epoxy 
cures. However, they also vield high exotherms and, owing 


resin and yield good 


to the insulating characteristics of the resin, it is difficult 
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to dissipate this heat. Mechanical methods such as chilling 


one or more components of the formulation is effective 
mainly in delaying reaction, not in reducing exotherm, It 
has been found that the use of epoxy-amine adducts rv 
duces the exotherms without affecting the cured resin pro 
perties. Such adducts have been developed at Republic and 
have seen successful use with casting and laminating 
epoxies. A few other hardeners are available for use with 
epoxies to yield good room temperature cures. One has 
recently been introduced by Shell Chemical Co.:—Curing 
Agent Z. This hardener is a liquid material based upon 
metaphenylenediamine, For good mechanical properties, 
epoxies using Curing Agent Z systems require a mild heat 
cure, If the casting is large enough (approximately 1 cu, ft 
minimum) good cure will be affected owing to the exo 
therm alone. This curing agent has made it feasible to 
produce epoxy tools such as drop hammer dies in singl 
pours, 

Liquid, room temperature cure epoxy resins range in 
Viscosity from 5000 to approximately 20,000 centipois 
The viscosity limits the amount of fillers that may lx 
added. Therefore, low viscosity diluents may be added to 
increase the filler capacity of the mix. Reactive diluent 
such as the glycidyl ethers are generally used. 

Proper combinations of the various components «ce 
scribed can yield a wide variety of finished materials. The 
Republic Aviation flexible drop hammer punch formulation 
is made up of Epon 828, Thiokol LP-3, and an amine 
adduct. A hard, abrasive resistant surfacing resin for 
checking fixtures is made from epoxy resin, silicon carbid 
filler, and diethylene triamine hardener. 


Summary and Conclusions: 

Kpoxy resins offer certain advantages over other plastic; 
and conventional materials for tooling purposes. They my 
be summarized as follows: 

1. Low labor cost—unskilled labor with no special too! 

ing knowledge can be utilized. Time requirements are 

held to a minimum, 

2. Low equipment costs—mixing equipment is the only 
requirement. 

3. Accuracy—a high degree of accuracy is inherent in 
the technique of fabrication. 

1. Weight epoxy tools weigh considerably less than 
their metal equivalents. 

+. Formulation—epoxies may be formulated to yield a 
wide variety of finished properties. 

6. Curing Characteristies—epoxies may be cured “it 
room temperatures utilizing non-corrosive hardenet 
Cure shrinkage is low, Cure exotherm may be kept 
down by proper formulation as may coefficient of 
thermal expansion. 

Tne major disadvantages of epoxy resins are as fol 


lows: 
1. Cost—relatively high cost of resin and hardener 
2. Toxicity—amine hardeners used with epoxies are 


fairly toxic and may cause dermatitis. 

3. Necessity of a mold—cast epoxy tooling must ly 
made “against” something, whether it be a mold, a 
part, or a fix.ure. 

Continued research on the part of epoxy manufactur 
ers and formulators has been gradually removing the few 
disadvantages of epoxy tooling. For example, the epoxy 
manufacturers have recently released relatively non 
toxic hardener, Further developments may be expected 
both in reduction of disadvantages and improvement of 


the resins themselves. 
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A New Development in Extraction—Extrusion 


The Vacuum Extruder 


(4 turn) 
( 4 turn) De- 


Compression compression 


| (25 turns) 
| 


e 
$ Wide Slots 


HIS PAPER DESCRIBES a new extruder screw which 
permits the removal of volatiles from thermoplastics 


in standard extrusion equipment, This screw was especially 


designed for the extrusion of undried “Lucite” acrylic 


Many thermoplastic materials are hygroscopic and 
tend to absorb moisture from the air. Acrylic resins are 


typical example. These materials must be predried, if 


they are to be processed in ordinary extrusion equipment. 
If the drying step is omitted the moisture absorbed in 
the polymer will volatilize during the extrusion operation 
and will cause bubbles in the extrudate. 

The extra drying operation usually needed for hygro 
scopic thermoplastics requires special ovens, It involves 
extra handling and may subject the material to contami- 
nation. 

Several manufacturers of extrusion equipment have 
attempted to eliminate the need for the drying step by 
modifying the extruder in such a way that volatiles are 
removed from the plastic material on a continuous basis 
during the extrusion process, Such extraction-extrusion 
equipment in the past has generally consisted of a special 
extruder comprising a barrel with a vent hole cut into 
it, and a serew designed for the particular machine. 
Since the removal of volatiles in the extrusion operation 
required replacement of both the barrel and the screw 
of the standard extruder, it usually had been advisable 
to install a completely new machine. 

Our efforts have been directed at the development 
of a simple modified serew, which would make it possible 
quickly to convert existing standard extrusion equipment 
for the removal of volatiles, The aim had been primarily 
to enable processors to convert their equipment at mini 
mum cost, and provide a reliable system which would 


offer few maintenance and operating problems. 


The Vacuum Extruder Screw 

Design: The vacuum screw developed by the du Pont 
Company for use in standard extrusion equipment. is 
hown in Figure 1. The serew utilizes the principle 


that when the serew channel in an extruder operates 


Foi 


crew 


(z turn) 


Compression 


ice Metering Extracting 


Pumping —— — 


i t ) 
| Ernest C. Bernhardt 
1. du Pont de Nemours 
° & Co., Ine. 


only partly filled, the rear section of the channel will 
always fill first. This permits volatiles to separate in the 
front portion of the channel. This point will be clarified 
us we proceed with the description of the screw. 

In the vacuum screw the plastic material passes 
through four functional zones: feed zone, metering zone, 
extraction zone, and pumping zone. 

The feed zone serves to pick up the solid polymer 
which has been fed to the screw from the hopper. In 
this zone the polymer is heated so that at the forward 
end of this zone the plastic exists as a viscous melt. 
This zone of the screw has a deep channel of high con- 
veying capacity. 

The feed zone of the vacuum screw has slots cut into 
the lands of the last 3 flights as shown in Figure 1. These 
slots are cut in order to prevent the build-up of high 
pressures in the feed zone. This feature is necessary to 
prevent forward surges past the metering zone into the 
following zones of the screw. We usually mill two to four 
14” wide slots into each turn of the land. 

The metering zone throttles the flow from the feed 
zone and governs the output rate of the extruder. This 
section of the screw has the smallest drag-flow or convey- 
ing capacity of any of the four zones, and in a constant 
pitch serew it will therefore have the shallowest channel. 

In the extraction zone the actual separation of the 
volatiles from the polymer takes place. The extraction 
zone has a channel depth which is 4 times as great as 
that of the metering section, and as a consequence its 
drag-flow or conveying capacity is four times that of 
the metering section. As a result, its screw channel will 
never be filled to capacity. The plastic melt, owing to 
the dragging action of the barrel wall, will always fill 
only the rear portion of the channel. 

In the last flight of the extraction zone a small hole 
(see Figure 1) is drilled in the forward part of the chan- 
nel which is normally free of polymer. This hole connects 
the channel with the hollow core of the screw. In operation, 
a vacuum is applied to the extraction zone from the rear 
of the screw through the core and the small hole in the 
root of the channel. The polymer containing the volatiles 


SPE JOURNAL, March, 1956 


| 
if 
Peeding — 
(7% turns) 
| 

eee Vent Hole 
Pigure 1 

| 

| 


will foam as it enters the vacuum of the extraction zone its installation unless the barrel “length to diameter” 
from the metering zone. This foam however, will be ratio is IS:l or greater, For a shorter barrel, a barre! 
broken up by the time the polymer has reached = that extension would be needed, 
portion of the channel where the extraction hole is located Auxiliary Equipment: Very little auxiliary equipment 
due to the dragging action of the barrel, The volatiles is required to operate the vacuum screw, It consists pri 
can therefore pass through this extraction hole without marily of a small laboratory vacuum pump or an aspirator 
carrying polymer with them. If the volatiles are to be collected and saved, a small 

The function of the pumping zone is to generate condenser and extraction flask will be required. A rotary 
sufficient pressure to push the polymer through the die union will be needed to connect the vacuum pump to the 
of the extruder, It has a drag flow capacity greater than screw, 
that of the metering zone. It therefore has a channel depth Normally, we do not use sereens or breaker plates 
slightly greater than that of the metering zone, but in the extrusion of acrylic resins. 
usually not as deep as that of the extraction zone ot 
the feed zone. The pumping zone operates only partially Operation 
filled at its beginning, but it runs with a full channel nent 
the die, where the back pressure causes some pressure Once the extruder has been started up, the operation 
flow. The capacity of this section must be greater than of a vacuum screw is no more complicated than that of 
that of the metering zone, so that the extraction zone will an ordinary extruder screw. However, during the start 
not become flooded. The optimum design of this zone has up it is important to remember how the various zones of 
been found at a channel depth 50% greater than that of the screw interact, and to follow a procedure which will 
the metering zone, establish the desired conditions for the polymer within 

To illustrate the passage of a volatile containing res the screw channel. 
in through the various zones of the vacuum screw more The following start-up procedures will result in’ a 
graphically, we have shown the condition and location trouble-free operation. 
of the polymer along the serew channel in Figure 2. A, Start-up with an Empty Machine 


Suggested dimensions for various size vacuum screws When starting up with a clean machine it is im 


for use on acrylic resins are listed in Table I. portant to first fill the pumping section of the extruder, 
and to keep air from being pulled into the extraction 


TABLE | zone through the die, If the die were left open, un 


extracted polymer would advance all the way through 
Suggested Dimensions the screw, The extraction 
For use with “Lucite” Acrylic Resins 


zone would not be sealed 
off, a d vacuum would not build up, until the melt 


I) h h h h 
reached the pumping zone. At that instant the entire 
; extraction zone would be filled with unextracted poly 
21, 400 100 100 150 
a : mer, Which would all foam at once, and might generate 
enough foam to plug the vent hole. The following 
31. 20 130 APO P00 
start-up procedure is designed to prevent this) from 
660 165 660 ADO 
20) G00 OCCULrring. 
: ‘ 1) Set heats at the desired levels 
2) Start the extruder, 

Limitations: Operating in the same machine, the $3) Hand feed a small quantity of resin very slowly 
ultimate capacity of a vacuum screw will be about 20° (approximately 5 pounds for a 3'2” extruder) and 
3007) lower than the ultimate capacity of an ordinary let it be advanced all the way forward into. th 
metering type screw, The reason for the reduced output pumping section and through the die until it stop 
is that the feed section of the vacuum screw will always extruding. 

shorter than the feed section of an ordinary metering 1) Start the vacuum pump. No vacuum will be built 
screw since we must make room for the extraction section. up at this stage, because the pump will suck ait 
The melting capacity of the vacuum screw therefore, will into the machine through the hopper. 
be lower than that of the ordinary screw. The decrease 5) Start feeding resin to the extruder in the ordinary 
in capacity will be lowest in the longest barrelled ex manner, As the resin reaches the first) metering 
truder. section, it will seal off the extraction zone, and a 

Since we need adequate barrel length for the various vacuum will start to build up. 

zones of the vacuum screw, we normally do not suggest (Please turn to page 57) 
De- 
ression compression Compression 


| 
— 


Figure 2. Polymer at various 
places in the extrusion screw. 


SOLIDS 
MELT \ | TO DIEZ’ 
} 
VOLATILES 
Schematic Diagram Showing the Condition of the Polymer 
in the Various Sections of the Vacuum Screw 
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Get the facts about 


DYLAN POLYETHYLE 


for these FREE booklets 


CALL KOPPERS FOR FREE TECHNICAL SERVICE 


Koppers Technical Service Representatives, backed by Koppers Re- 
search and Development Laboratories, are available for consultation 
regarding all uses of Dylan polyethylene. This special service can save 
you time and expense. 


SKoOPPERS TRADE MARK 


KOPPERS 
PLASTICS 


SALES OFFICES: NEW YORK + BOSTON + PHILADELPHIA - ATLANTA - CHICAGO 
in Canada: Dominion Anilines and Chemicals, Lid., Toronto, Ont. 


DYLAN POLYETHYLENE 
3700 
FOR INJECTION MOLDING 


Here are some of the outstanding properties 
you can get from Dylan 3700: flexibility 
and toughness even at low temperatures; 
low specific gravity (0.92); remarkable 
chemical inertness; excellent dielectric prop- 
erties; freedom from taste, odor and tox- 
icity; and low water-vapor permeability. 


DYLAN POLYETHYLENE 
3000 AND 3016 
FOR PIPE EXTRUSION 


These Dylan formulations provide the best 
possible combination of physical, chemical 
and extrusion properties. Dylan pipe will 
stay flexible over a wide temperature range 
(—90°F, to 120°F.). In addition, it is light 
in weight, chemical resistant, moistureproof 
and tough. 


Koppers Company, Inc. 
Dept. SPEJ-36, Chemical Division 
Pittsburgh 19, Pennsylvania 


Please send me your free booklet about: 


([] Dylan polyethylene 3700 
(_] Dylan polyethylene 3000 and 3016 


[_] Please have a Koppers Technical 
Representative call on me. 
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“The objects of the Society shall be to pro- 
mote in all lawful ways the Arts, Sciences, 


and 


connected with the utilization of plastics.” 


SPE 


By Your 
National 
rganization 


Engineering Practices and Standards 


The Journal's New Look 


You will notice over the ensuing months some 
very apparent and we hope pleasing changes in your 
SPE JOURNAL. These changes are a part of the 
long range planning that has been conceived and 
actuated by your publications committee in close 
cooperation with your editor, national directors, and 
national office. Changes from many significant op 
erational projects on which work is now progressing, 
will not be so directly apparent to you, but in the 
final analysis will mean for our JOURNAL reader- 
ship an even more outstanding magazine. 

To capsulate the philosophy of the JOURNAL'S 
publication policy, it can be said that the national 
directors have desired for a long time to improve 
the JOURNAL wherever possible, to enhance its 
appeal, and to take aggressive steps towards making 
it an outstanding technical magazine. This must, at 
all times, be accomplished without degradation of 
editorial or technical content, and ever mindful that 
the principles of the Society must be refleeted in 
every phase of the JOURNAL. To this end, the 
long range objectives of the Society are: 


(a) To establish the JOURNAL as the fore 


most technical magazine and = source” of 


technical information in the plastics in 


dustry. 


(b) To establish efficient management and 
publication practices in the JOURNAL'S 
operation. 


Reviewing the highlights of the JOURNAL’S 
rise to its present prominent position, it is interest- 
ing to note that the JOURNAL first was published 
in October 1944, Titled the SPE NEWS BULLETIN 
and edited by Warren V. Prince of Cleveland, Ohio, 
it had a circulation of less than 500 and contained 
only Society news items. In October 1945 Dr. Jesse 
Day assumed the editorship, and in June 1946 with 
a cireulation of 1300 and a subscription price of 


JOURNAL, March, 1956 


ten dollars to non-members, technical articles ap 
peared for the first time. May 1949 marked the 
change of its name to the present SPE JOURNAL: 
and in Mareh 1950, with a circulation of 23800, we 
published a magazine of 16 pages which contained 
only pages of advertising. The Injection Molde 
scope Was originated in March 1951, Plastics Around 
The World in October 1952, and Your National 
Office in October 1953. Ino Mareh 1954 cireulation 
was 3000 and the magazine had progressed to an 
uverage of 32 pages, con pared to the present cl 
culation of well over 5000) and a physical size of 
over Sixty Thus has been our growth, a 


little tedious at times, but always steadily upwards 


To hasten this growth, to consolidate our gwain 
the publications committee recommended and the 
national directors approved a broad scoped imiprave 
spheres of operation; 


ment plan involving seven 


advertising, subscriptions, publication and busine 

management, editorial content, technical content, 
Society news content, and format. To touch briefly 
on each of these, in October 1955 we retained a 
professional organization to handle advertising in 
the JOURNAL and have achieved) gratifying re 
sults. An internally generated comprehensive sub 
scription solicitation program is gaining momentum, 
and in the next year we believe we can gain Lodo 
new subseribers, exclusive of new members. In pub 
lication and business management, the publication 
frequency has been increased from ten to twelve 
issues per year, advertising rates have been in 
creased commensurate with the value of the JOUR 
NAL as an advertising medium, and a separate bud 


get has been established. 


Kditorially, expansion is the keynote, with of 
ferings of a challenging nature. Regular features 
are planned on some of the fringe fields in) which 
plastics engineers and technicians should have an 
awareness. Management, and Selling and Merch 
andising, will be initiated in the next few month 
You will notice a larger number of higher quality 
technical articles keyed proportionately to the seg 
ments of the industry. The Society News 


will continue to be edited by a Section News 


content 
editor. 
Changes in format will commence with the March 
issue and will continue gradually over the next 
year, done with an eye towards improving the 
space and location alloted to technical articles, ad 


vertisers, Society news, and features. 


We feel that we now have a top-notch tech 
nical magazine which serves the plastics industry 
well; we aim to make it even better. Your sug 
gestions your comments, be they critical on 
complimentary are needed and will be appreciated. 
The JOURNAL is your magazine and should be 


directed so as to satisfy the needs of most 


Peter W. Simmons, Chairman 
Publications Committee 


tl 
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Armed Forces Reports 

Armed Forces re 
plastics just been re 
industry by the 
Technical Services (OTS), U. S. De 


Pwo report of 


partment of Commerce. These reports 
ire briefly deseribed below: 
Dielectric Dispersion Behavior of 
Selected Natural Polymers. Fordham 
University for Wright Air Develop 
ment Center, Mar, 1955. 88 pages, 
illustrated. (Order PB from 
OTs. U. &. Department of Commerce, 
Washington 25, price $2.25). Klee 
trical measurements were made from 
lo to 10° eyeles at 25° to 150°C, 
using bridge methods, Polymer solu- 
dioxane and solid dises of 
containing varying 
imounts of plasticizers were studied. 
The dielectric behavior of most. of 
plastieize r 


tions in 
the polymers 


the amylopectin acetate 
syste nis studied showed considerable 
differences. 
culated for these 


Dielectric constants cal- 
systems were ob 
served to decrease in value as the 
frequency of the applied field) was 
increased 

An Investigation of the Dynamic 
Mechanical Properties of Polymethyl 
Methacrylate. Sponsored jointly by 
the Armed Forces. Keb. 1955. 3d 
pages, illustrated. (Order PB 111642 
from OTS, U.S. Department of Com 
meree, Washington 25, price $1.) Dy 
namic mechanical properties of poly 
methyl methacrylate are studied over 
a frequency range of 6 x 10-4 to 1.6 
x 102 cycles per sec and a tempera 
ture range of 77°C. te °C. A 
modified Kimball type testing ma 
chine was developed for this research. 
The results on polymethyl metha- 
crylate indicate that three mechan 
isms of relaxation. are involved in 
the response of the material in this 
frequency and temperature range. 
The importance of dynamic mechan 
ical properties to the practical engi- 
neering design of plastic components 
discussed, It Is 
three-dimensional plots of modulus ot 
frequency and temp- 
erature is the best method of de- 
scribing the mechanical behavior of 
pl istics at their use conditions. 


suggested that 


loss factor vs. 


Navy Research 
Three methods of measuring the 
birefringence of hot-worked acrylics 
ire deseribed in a report of 
Navy research just) released to in 
dustry by the Office of Teehnical 
(OTS), U. S. Department 


Services 


of Commerce, 


Forty four 


Office of 


ndustrial 
iterature 


Two of the methods reported avoid 
the necessity for cutting a specimen 
out of the material to be tested. This 
is accomplished by using oblique in- 
cidence of light upon the sample. 

Equipment required for the tests 
is outlined in detail in the report, as 
are the procedures. Also included are 
experimental results of non-destruc- 
tive tests on ten sheets of hot-worked 
materials. An analysis of the pre- 
cision of the non-destructive methods 
shows that one of them will yield an 
accuracy of five percent or better. 
The other method is shown to be suit- 
able for special cases only. 

This report, PB 111825 Methods 
of Measuring the Birefringence of 
Aircraft Glazing Materials, Oct, 1955, 
Naval Research Laboratory, can be 
obtained from OTS, U. S. Depart- 
ment of Commerce, Washington 25, 
price 75 cents. It contains 28 pages. 


The Plastics Weldor 

The third issue of the “Plastics 
Weldor and Fabricator,” a bi-month- 
ly external house organ published 
by the American Agile Corporation, 
Maple Heights (Cleveland), Ohio, is 
now available, Copies may be ob- 
tained, without obligation, from the 
American Agile Corporation, P.O. 
tox 168, Bedford, Ohio. 

This edition highlights the com 
pany’s new fluidized process of pro- 
tective coating which provides cor- 
rosion-resistant coatings of — poly 
ethylene, polyflurocarbons, nylon and 
other plastics on metallic and dissim- 
ilar plastic molded targets. Six photo- 
graphs illustrate the processing equip- 
ment plus typical targets that have 
been fluidized. 

Other sections of the house organ 
are devoted to “Tips on the Hot Gas 
Method of Gas Welding,” an_ illus- 
trated story of polyethylene water 
tanks used on a “metalless” Navy 
minesweeper, plus new products re- 
cently announced by the company. 


Lubricants 

A new 52-page booklet on Ucon 
synthetic fluids and lubricants has 
been issued by Carbide and Carbon 
Chemicals Company, a Division” of 
Union Carbide and Carbon Corpora 
tion. The booklet covers properties, 
applications, and characteristics of 
these polyalkylene-glycol derivatives, 
Copies of the booklet (Form 6500D) 
are available from Carbide and Cat 
bon Chemicals Company, 30 East 
42nd Street, New York 17, N. Y. 


Mold Machinery 


The Watson-Stillman Press Divi- 
sion, Farrel-Birmingham Company, 
Inc., has announced the availability 
of a new Bulletin on its 
complete line of machinery. 

Included in this 24-page bulletin is 
detailed information on 
compression, and transfer 


General 


injection, 
molding 
machines for the plastics industry; 
extrusion ferrous and 
non-ferrous metal-working 
equipment; railroad shop equipment; 
standard 


presses for 

metals: 
ordnance equipment; and 
and special machinery for general in- 
dustrial applications. 

Copies of General Bulletin 110-D 
may be obtained by writing to H. 
Genzken, Watson-Stillman Press Di- 
vision, Farrel-Birmingham Company, 
Inc., Aldene Road, Roselle, New 
Jersey. 


Metal Forming 


Now available from the Marblette 
Corp., 37-21 Thirtieth St., Long Island 
City 1, N. Y. (and branches in Chi- 
cago, Detroit, Wichita, Los Angeles, 
Montreal, and Havana) is a new col 
lection of “Metal Forming Bulletins,” 
outlining the manufacture, uses, and 
advantages of plastic draw dies, 
stretch press dies, and hydro-form 


dies. 


Epoxydation 

The most comprehensive company 
publication on the subject of epoxi 
dation and hydroxylation with hydro- 
gen paroxide or peracetic acid is now 
available as Bulletin No. from 
Becco Chemical Division, Food Ma- 
chinery and Chemical Corporation. 

Appearing for the first) time in 
print are deseriptions of two new 
Becco in situ: epoxidation processes; 
the ion-exchange resin catalyst-fixed 
bed and the expendable ion-exchange 
resin catalyst techniques. 

The 49-page bulletin fully de- 
scribes reactions of unsaturated ole- 
fins (aliphatic alicyclic), de- 
rived from agricultural products and 
the petroleum industry, including un- 
saturated fatty acids and their esters, 
aleohols, fats and oils, terpenes, poly- 
mers and monomers. 


Injection Machines 

The Hydraulic Press Mfg. Com- 
pany, Mount Gilead, Ohio, has just 
released a completely illustrated new 
bulletin on their complete line of in- 
jection molding machines. The new 
literature explains in detail the op- 
eration of H-P-M’s line of molding 
machines and covers all important 
Product) photos show 
outstanding examples of plastic ware 
designed and produced by the latest 
methods. A free copy is available by 
writing H-P-M at Mount Gilead and 
Bulletin No. 


Specifications, 


asking for 
HOO 


Inje ection 
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THE 


INJECTION 


molderscope 


By A. R. Morse 
President, Injection Molder’s Supply Co. 


Injection Molding 
Polyethylene 


Part Ill 
Nozzles, Molds, and What Have You. 


Previously discussed were how vari 
ations between the batches and brands 
of polyethylene affect the injection 
molder’s scrap rate and how we are 
beginning to learn something about 
heating cylinder design to reduce 
black flecking. There remains a host 
of minor factors that often have in 
dividually and together helped to keep 
the scrap rate on this material above 
that experienced with other types of 
plastic. 


One attempt has been made to trace 


the cause of black flecks to the ap 
n the molding pow- 


pearance of fines 


der. The theory is that the fine fuse 
first and then burn and so cause the 


flecking. After much sifting and test 
ing, I think we can pretty well elimi- 
nate fines (usually from re-grinding in 
a general purpose grinder with dull 
knives that tear the plastic) as a 
cause of carbon specks. No definite 
correlation of flecking on a production 
level can be shown between clean pel 
lets and clean mixtures of virgin and 
re-ground. The sporadie nature of 
flecking at one time or another might 
give the impression that it might be 
caused by fines, but actually, I think 
we are safe in saying fines really 
have nothing to do with it. If black 
and dirt are cut out of all serap 
before re-grinding, it can definitely 
be ground and re-used in almost any 
particle size without causing trouble. 

Color mixing polyethylene has 
seemed a little more difficult than in 
styrene because the material does not 
get as liquid during heating and. so 
numerous devices have been used in 
the nozzle to assist the mixing action. 
Cylinder trouble with polyethylene 
has been appreciably higher, and | 
believe it is because more of the 


the 


injection pressure is absorbed by 


heater, thereby straining it. Then 


add to this the back-pressure caused 
by trying to shove the stuff through 
tiny restrictions to mix color in 

and in some cases to prevent unmelted 


wing shoved 2 


granules from 
through the heating chamber and be 
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ing visible in the molded part—and 
you have the reason for an increase 
in cylinder maintenance expense and 
shorter heater life. On many general 
purpose cylinders, and with the watt 
age and square inches of inside heat 
ing area over which this wattage is 
distributed being just in the critical 
area, you have a phenomenon where 
the melted polyethylene clings to the 
wall of the chamber like glue, and 
forms a tunnel through which un 
melted granules can pass in their 
entirety, right through the heater 
on into the mold. Now I ask the color 
people who say that polyethylene is 
easier to dry color than styrene, how 


in the world are you going to drive 


color into a clear pellet that can work 
its way right through the heater and 
appear intact in the bottom of a 
molded part ? The answer is two-fold: 
a single purpose polyethylene heater, 
and a mixing device in the nozzle that 
will partially cover up the unsuit 
ability of the heater for this material 
with a last-gasp mixing action. Ob 
viously, the heated nozzle with pine 
apple or plug is a partial answer, but 
it is not the best one, as a hot nozzlk 
does not make a good substitute for 
an efficient heating cylinder. 

We had one instance where a mold- 
er inserted a plug with a few small 
holes in it under the nozzle seat. The 
plug was not located in any way, and 
fell down so that more than 25° of 
the holes were obstructed, because 
the plug was misplaced under the 
nozzle. Then to cap it off, most of 
the other holes were plugged with 
tiny particles of metal, After about 
nine months the heater failed from 
sheer mechanical exhaustion, and you 
should have heard the molder scream 
ing defective cylinder construction at 
us! We are painfully aware that 
heater steels are severely taxed hy 
the temperatures and pressures nor 
mal to the injection process, but when 
you increase them with restrictions 
such as the instance above, or even 
those normally used in mixing and 
coloring polyethylene, you can exceed 
safety factors often figured up to as 
much as 200°7, and cylinder main 
enance is bound to increase. Add to 
this the peculiar effect that we find 
vith polyethylene where much extra 


nbsorty 


pressure appears to be 
the heater even in. straight-forward 
molding, and you can foresee more 
costs for cylinder upkeep are going 
to be involved with this material 


Laminating of polyethylene, 
peeling as it is sometimes called, 
undoubtedly relates to mold tempera 
ture and wating evlinder leney, 
and it) can detinitely be controlled. 
Some molders, however. attribute it 
100°. to the characteristics of a given 
bateh and or brand of molding powde: 
and arrive at this conclusion by the 
fact that under apparently identical 
molding conditions they experience it 
with one brand and NOT with an 
other. The joker here seems obviou 
enough: optimum molding conditions 
for a material A are not the same as 
optimum molding conditions for sup 
posedly identical material By and in 
order to eliminate laminating con 
siderable revision of temperatures in 
the mold and heater and of the cyck 
must be made—but it ean be don 
The easiest and quickest method = to 
date, of course, has been merely to 
change bateh and brand! 
Polyethylene will mold under a wid 
variety of heating eylinder tempera 
tures as we have seen. It will also 
mold under a wide variety of mold 
temperature settings, ranging from 
hot to chill, and even using a refriget 
ation unit. Surface finish of the mold 
ed part 
related to heater temperature and 
to mold finish than to mold tempera 
ture settings. The need for all the 


SeCenis to bye hore closely 


fancy mold temperature controllers 
we have become used to with styrene 
is pretty well cut) down with this 
material, where mold temperature 
seem far less critical on the average. 
need searcely mention the well 
known fact that part finish seems 
better, sticking is reduced, and serap 
is lower with a matt or even a sand 
blast finish on the mold. Liquid honing 
the mold to improve part release i 
well understood, and chrome-plated 
and highly polished molds do not find 
the same favor as with styrene. 
Poly thylene is well adapted to hot 
plate molding as it retains its hezt 
and does not tend to break down 
nozzle, With = it 


moldability extended over sue hy nu owide 


after leaving the 


range of heats, more hot runner and 
hot plate molds have been successfully 
run with it than with any other type 
of material to date, [| would not say 
that “pin-point” gating was used as 
much with this material as it is quite 
easy to trim and finish. A wide variety 


of gate openings, sprue, runner, and 


nozzle sizes are succe sfully used with 
it and seem to have no visible effect 
on the molded part Indeed, tis quite 
difficult to appraise just what specific 
process factors do affect the quality 
of the polyethylene part, and in what 
vay, except that we do know it 
possible to mold bad parts from tl 
(Please tur page 5h) 
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NEWS 


Solvent Joining PVC 


1 team of laboratory technicians 
developed a new solvent cement 
ining PVC (polyvinyl chloride) 

pipe fittings and flanges. It makes 
po ble joint as strong or stronger 
than the pipe itself, and will bridge 
greater diametral gap than any 


other previously available bonding 


ivent 

The successful search for the im 
proved new cement was conducted by 
Fernald, Teehniceal Director 
of Tube Turns Plastics, Ine., the na- 
tion’s largest manufacturer of injee- 
tien molded PVC fittings, and H. H. 
George, Research Manager of the 
Product) Engineering and Research 
Department of Tube Turns, a_ divi- 
ion of the National Cylinder Gas 
Company 

Tube Turns Plastics Solvent Cem- 


(;ordor 


ent il sin ple and economical to use. 
An ordinary paint) brush usually 
erves as the applicator. A cemented 
joint can be handled in an hour and 
reaches working strength in 48 hours. 


Stillman Co. Grows 

Stillman Rubber Co., Culver City, 
Calif., has acquired Extruded Products 
Co., Fullerton, Calif. producers of ex- 
truded rubber products for the air- 
craft and building trades industries, 
Harold president, announced 
today. The new 
operated as the Extruded 
Division and will extend Stillman ser 
vices into the field of extruded rub 
ber and silicone tubing, Sears added. 
V. L. Nesehke will continue as Vice 
President and General Manager of 
the Division at the same location, 
zee? BK. Ash St., Fullerton. Joel Bush 
was named Vice President in charge 
of production. 

With divisions in California and 
Cleveland, Ohio, Stillman produces a 
wide range of custom molded parts, 
ilicone and synthetic rubber O-rings, 
packings to govern- 
specifications. 


Sear S, 
acquisition will be 
Products 


ind hydraulic 
ment and commercial 
The company has pioneered develop- 
ment of Permadizing, a unique rub- 
ber-to-metal bonding process that has 
attracted nationwide attention, 


Mylar Price Down 
The Du Pont Company today an 
nounced a reduction of 25 cents per 


pound in the price of “Mylar” poly 
ester film. The reduction, effective 
immediately, applies to all types and 


yuuges except 25 and 35 gauges, the 


thinnest films. 


of the 


industry’ 


— 
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Epoxy Hardeners 

The Chemical Process Company, 
l’.O. Box 829, Redwood City, Cali- 
fornia announces the availability in 
commercial quantities of two new 
liquid epoxy hardeners. These pro- 
ducts, called Dion RP-7 and Dion RP- 
22, are based on meta-phenylene di- 
amine, and 4,4’ methylene dian- 
iline, respectively. The hardeners are 
liquids at room temperature and 
therefore offer convenience of appli- 
cation compared with solid catalysts 
which must be heated first. They can 
be used as general purpose epoxy 
catalysts, although they are partic- 
ularly effective when high tempera- 
ture resistance in a cured product is 
desired. Literature giving directions 
for use, indicated pot life, physical 
cured laminates and 
recommendations for storage is avail- 


properties of 


able on request. 


Really Thick Acrylic 

A new extra-thick cast acrylic 
sheet, 5” to 10” in thickness, is now 
manufactured and distributed by the 
Cadillac Plastic and Chemical Co., 
Detroit. 

The new heavy sheet is perfectly 
clear with no flaws or bubbles. It 
eliminates the necessity for laminat- 
ing to obtain the desired thickness 
for many applications. 

It is available in 24” by 24” sheets 
from Cadillac warehouses in Detroit, 
Chicago, St. Louis, Los Angeles and 
San Francisco. 

It is expected to find use in optical 
and seale models and prototypes, ob- 
servation shields, pressure vessels, in- 
sulators, decorative fixtures, three- 
dimensional displays, structural blocks 
and many other applications. 


Tablet Machines 

Two new Stokes rotary tablet ma- 
chines, Model 533, with a maximum 
operating pressure of 10° tons, and 
Model 540, of 4 tons capacity, are de- 
scribed in new bulletin, 
printed in three colors, which has just 
been published by F. dé. Stokes Ma- 
chine Co., Philadelphia, Pa. Copies 
of the new bulletin, No. 650, are 
available free on request from F. J. 
Stokes Machine Company, 5500) Ta- 
bor Road, Philadelphia 20, Pa. 


Parkway Offices 
Parkway Plastics, Ine., announces 
the opening of new offices and plant 
at Stelton Road, Route 529, New 


Market, N. J. 


6-page 


Vinyl Foam 
The versatility and superior aging 
characteristics of vinylfoam are dis- 
cussed in brochure entitled, “Vinyl- 
foum—The 
leased by Elastomer Chemical Corp- 
oration of Newark, N. J. 


Elastomer Process,” re- 


The new hooklet describes the 
characteristics and uses of VINYL- 
FOAM in terms of successful appli- 
cations to date in the fields of trans- 
portation seating, automotive fixtures, 
apparel, and household accessories. 

Norwegian Name Change 

The former “Forening for Norsk 
Plastindustri” at their annual gen- 
eral meeting decided to change the 
name to “Norsk Plastforening.” 

It was further decided to transfer 
the secretariat to Norges Industri- 
forbund, Radhusgt. 25, Oslo, with 
civil-engineer Hans J. Knap as _ the 
secretary. 

All future 
from now on to. be 
Norsk Plastforening, 
Oslo, Norway. 


H-P-M Chicago Office 

The Hydraulic Press Manufactur- 
ing Company has announced a change 
of address and phone number for the 
Chicago area Branch office. The new 
address is 911 Busse Highway, Park 
Ridge, Illinois. Phone Taleott 3-3136 
The Park Ridge office serves as head- 
quarters for District Mgr. Don C. 
Youngblood, Ass’t Mgr. B. D. Ash- 
baugh, and Service Engineers Car! 
Gompf, Del Barrick and Solly Seif. 
The telephone change should be noted 
until such time as telephone directory 
listings can be changed. 


ought 
addressed to: 


Radhusgt. 25, 


rrespondence 


Bee Chemical Co. 

Thomas LaBounty appointment as 
Vice President of Bee Chemical Com- 
pany and its wholly owned subsidiary, 
Logo, Inc., is announced by President, 
M. A. Self. His major responsibilities 
will be customer relations, sales, ad- 
vertising, and market analysis. 


Barrett Reorganizes 

Barrett Division, Allied Chemical 
& Dye Corporation has just re-or- 
ganized its sales and marketing struc- 
ture for its new thermoplastics pro- 
ducts according to an announcement 
made today by Carleton Ellis, Jr., 
director of plastics and resins sales. 

The Ellis announcement names H. 
A. Voskamp, Jr., formerly manager 
of Barrett thermoplastic sales, to 
the newly created position of assist- 
ant manager, molding compound 
sales. 

According to Ellis, Barrett thermo- 
plastic sales will henceforth be co- 
ordinated with the company’s already 
established operations thermoset- 
ting plastics under the direction of 
Henry W. DeVore, manager, molding 
compound sales. 
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extrapolate results. 

There appears to be general 
trend in American extrusion 
equipment toward improvement 
in barrel temperature control by 
the use of special barrel cooling 
techniques. What are your views 
concerning this matter? 

Some form of barrel temperature 
control most) certainly 
and the more accurately set tempera 
tures can be controlled, the more uni 


Ssairy 


form will the process be, However, it 


hu R. D. Sackett is 


Technical Service Associate 


essential to bear in mind that the 
extrusion process is ideally 
uous, Therefore, it should be possible 
to adjust the heating or cooling Vs 


contin 
Monsanto Chemical Company 


Springfield, Massachusetts 


An Interview With 
E. Gaspar 


Chief Designer, The Projectile & En- 


gineering Company, Battersea, 


London 
Editor’s Note: Throughout the plas- 


tics industry the successful fabricator 


continually watches foreign develop- 
ments for possible integration into 
domestic operations. In view of the 
general interest in European extru- 
sion practices an interview was held 
with Mr. Gaspar. Mr. Gaspar has 
traveled extensively throughout the 
Continent and is active in all phases 
of the extrusion industry. We are 
appreciative of his assistance. 

What can you tell us concerning 

the extrusion of rigid polyvinyl 

chloride in single screw extrud- 
ers? 

Unplasticized P.V.C. is 
regularly on the single 
truders in Europe. The output of the 
extruder is about 40° lower than 
with other materials and lower ex- 
trusion speeds are used. Very low 
compression ratios such as I's to 1 
ure used on the screws for this ma 
terial. The L/D ratio of the screws 
is about 15 or 161. The barrels are 
fitted with heating and cooling facili- 
ties, the cooling medium being eithe: 
water or air. Accurate temperature 
control with careful positioning of 
thermocouples, preferably under the 
heater bands, are important. 

Is there much use of multi-start 

screws in Europe and what is 

your opinion concerning this type 
of screw? 

Multi-start serews are used on a 
number of extruders and there is a 
considerable body of opinion which 
advocates their use. However, by fat 
the greater percentage of screws used 
in machines in Europe and Great 
Britain are of the single start variety 
and the predominant feeling is that 
the single start screw can do all and 
more than is claimed for the twi 
or multi-start serew, The output of 
multi-start serews is invariably more 
erratic than that from single-start 


speeds 


extruded 
Screw eX- 


screws, although at low 
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multi-start thread can give a higher 
output. The thread width to depth 
ratio is such that the shear condi 
tions are unfavorable in multi 
start thread and the heat generation 
throughout the material in the serew 
flights is less uniform than that pre 
vailing in the flights of a single start 
screw of the same compression ratio. 
Furthermore, the rate of delivery 
from each of the threads is not. al- 
ways the non-homo 
geneous melt often results. 

Have fabricators or extruder 

manufacturers general at- 

tempted to apply the theories of 
extrusion to practical design 
problems? 

It is not possible to say that any 
theory has been applied to extruder 
design problems by manufacturers in 
Europe, because a_ sufficiently comp 
rehensive theory which would enable 
screw design to be reduced to a 
formula has not so far been de 
veloped. The expressions developed 
by Rogowsky, by the Du Pont work 
ers and by Maillefer, indicate the 
trends which change in various screw 
would produce and 
show to some extent the magnitude 
of these changes. It must be ap- 
preciated that these formulae deal ac 
curately only with melt extruders and 
the overall performance of the screw 
in a plastics extruder cannot be ex 
pressed in terms of what happens 
in the metering section of the serew. 
However, in the Designs Department 
of the Projectile & Engineering Co., 
Ltd., preliminary estimates of the 
performance of new screws are ob- 
tained on the basis of formulae de- 
rived from existing theory and are 
subsequently compared with the re 
sults obtained from tests. It is rather 
difficult to give any indication about 
the degree of 


same and a 


characteristies 


coincidence between 
theory and practice, since great 
deal depends upon the form of the 
material fed to the machine. The 
existing theory does act as a general 
guide and onee some of the constants 
in the output and power equations 
have been determined empirically, 
then the equations can be used to 


tem to put in or take out a constant 
amount of heat. This means that the 
trend should not be towards an “on” 
“off” system of heating and cooling, 
but rather to a continuously operat 
ing supply or. extraction 
ment. A further point may be urged 


arrange 


In connection with adiabatic opera 
tion, for the ideal extruder should 
tend towards this condition of op 
eration and thus most of the heat 
energy required to bring the plasti 
material to the extrusion tempera 
ture should be supplied by the serew 
In practice this might well necessi 
tate a special serew design, not only 
to suit each material and die, but 
also each screw speed. True adiabiutic 
operation is, therefore, not always 
practicable and a compromise must 
Attempts should always 
be made to design screws to put in 


be sought, 


the required amount of energy and 
to use heating and cooling ystems 
merely as continuous “finishing off” 
devices, thus the influence of thes 
external systems should be 
to a minimum and they should be 
used us little as possible to control 


re duc a 


the extrusion process 
What are your views, Mr. Gas- 
par, with respect to the posst- 
bility of running extruders at 
speeds considerably higher than 
those now considered normal? 
The subject of high speed extru 
sion is one to which a considerabl 
amount of time and thought has beer 
devoted. The evidence at present 
available indicate that 
speeds of twice those now considered 


seems to 


attained on single 
without 


normal could be 
screw machines inordinate 
power requirements. Speeds in exce 

of these are rather out of the ques 
tion from a theoretical and a prac 
tical point of view. The major prac 
tical objection to high speed working 
is that the quality of the resulting 
extrudate 
the high shear rates set up in the 
small 
lands with consequent local tempera 
ture increase. It would be difficult 


would diminish becau ‘ ofl 


clearances above the TOW 


to remedy this defect without i 
creasing these clearances and the re 
sulting larger leakage flow vould 


tend to offset the Increased 


(Please turn to page on) 
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BRAZIL 
REVISTA BRASILEIRA 
DE PLASTICOS 


August, 1954 
Abstracter:: Louis A. Helwich 
PROGRESS IN) HIGH IMPACT 
POLYSTYRENE, (Excerpt from 
British Plastics). Page 8-9. 

A discussion of properties of new 
styrene co-polymers with increased 
toughness, and some typical applica- 
tions, like battery cases, refrigerator 
parts ete. 

INJECTION MOLDING, Eric Jean- 
renaud, Page 10-13, 

A continuation of series of articles 
plastics engineering, Explanation 
of injection molding process with 
schematic diagrams and des viption 
of hand-operated, semi-automafie and 
fully automatic injection molding ma- 
chines and their operation. 
POLYETHYLENE FIREHOSE, 

Page 18. 

Recently introduced in London was 
a firehose consisting of segments 
about 5 meters long and 15 em in 
diam., whieh are connected together 
by special clamp. 

NATIONAL PRODUCTION OF 
SYNTHETIC RESINS. Page 26-29. 

Following an agreement of the 
Reichhold Chemicals, Inc. with the 
Sao Paulo resin producing firm Res- 
ana S. A, an increased production of 
varnish resins as well as polyester 
resins is planned, The plant. install- 
ations are described. 

January, 1955 
NEW VINYL PRODUCER in 
BRAZIL. Page 41-7. 

\ newly installed vinyl 
plant of the Plastin Industria & 
Comercio in Rio de Janeiro is de- 
scribed. The plant employs 50 people. 
Main products are curtains, uphols- 
tery, table covers ete. Rigid vinyl 
parts are to come next. The plant 
has a modern laboratory 
INJECTION MOLDING. Eric Jean- 
renaud, Page 9-12. 

\ continuation of articles. 
tant factors in injection molding op 
Elements of 


products 


Impor- 


eration are discussed, 


old design. 


Fortu eight 


CHRISTMAS AND PLASTICS, Page 
20-23. 

A review of plastic toys and gift 
objects on Brazilian market: nylon 
articles, dolls made of vinyl plastisol, 
automobiles, tanks, animals, flying 
saucers ete. 


February, 1955 
ELECTRONIC MACHINES FOR 
PLASTICS INDUSTRY. Page 4-7. 

A factory is described installed in 
Sao Paulo in 1949 producing elec- 
tronic heat preheaters 
for molding powders. 
ACCELERATED RHYTHM OF 
JAPANESE PLASTICS INDUSTRY. 
Page 8-10. 

A report on trip to Japan. Japan 
produces plastics materials well 
as machines, and the number of mold- 
ers and processors is ever growing. 
Products of excellent quality are en- 
countered, One sees raincoats, 
briefcases, molded 


sealers and 


suitcases, shoes, 
tuble-ware, cups, plates ete. Celluloid 
occupies still prominent position in 
Japan due to natural resources of 
camphor. Some statistical data are 
given on the development of plasties 
in Japan. 

A SCOOTER WITH PLASTIC 
BODY. Page 21. 

A small scooter with 150 ce motor, 
capable of 80 km _ per hour’ speed, 
made in Holland, has fiberglass rein- 
forced polyester body composed of 
4 parts. 

Ill. SALON DE CHIMIE et de 
Matieres Plastiques in Paris. Page 
22-23. 

A report on plastics exhibition held 
in Paris in December 1954. 
CORRUGATED ROOFING OF 
POLYESTER WITH FIBERGLASS. 
Page 28-29. 

Application of transparent corru- 
gated tiles seen in Switzerland and 
France on various public and private 
buildings. 

The professional 
plastics industries in Sao Paulo gives 
some economic figures plastics 
materials in Brazil. Page 13, 

Annual 

amount National 

required — produc- 
by tion 

industry tons 


association of 


Material 

tons 
Polystyre ne Looo 
Vinyls 3.400 


5.900 


AROUND THE WORLD 


2.000 


Phenolics 2.000 


Ureas 2000 200 
Cellulose acetate 600 600 
Polyethylene 1.000 

Melamine resins 30 =— 
Acrylic resins 10 


FRANCE 


INDUSTRIE DES 
PLASTIQUES MODERNES 


Vol. 7, No. 9 


Abstracter: Hans Mayer 


THE “ONDINE” MOTORCYCLE 
The production process of the glass 
reinforced parts of this new French 
motoreyele is described, 
THE USE OF RIGID VINYLS, PAR- 
TICULARLY FOR THE EXTRU- 
SION OF PIPES — M. Moreaux 
Types of materials, economy of use, 
use of the product and possible range 
of application are discussed. 
METAL-PLASTIC COMBINATIONS 
Metal-Plastic Combinations are syn- 
thetic resins with considerable addi- 
tives in the form of powdered metals 
which may or may not contain stab- 
ilizers, plastifiers or solvents, They 
appear in the form of solids or pastes. 
The physical properties, the mech- 
anies of application and the fields of 
application are thoroughly discussed. 


GERMANY 
KUNSTSTOFFE 
December, 1955 


Abstracter: Anne Schwend 
THE BEST IN) PLASTICS. 
Escales. 

A detailed report about the “Plas- 
tics 1955 Fair at Duesseldorf, Oct. 
Sth to 18th. Exhibitors, in the first 
instance, aimed at showing those 
items that have already proven satis- 
factory and found final shape in ap- 
plied technique, however, less those 
plastics still under development and 
on the testing grounds. All stages of 
production were represented: raw and 
semi-finished materials, auxiliary ma- 


Erich 


terials, finished products, processing 
machinery, tools and machine-tools, 
testing and auxiliary equipment. 


Badiseche Anilin-und Sodafabriken: 
Production facilities for high-pressure 
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polyethylene were expanded to abt. 
25.000 tons per year at the Rhein- 
ische Olefin-Werke GmbH at Wessel- 
ing, founded in common by Shell and 
BASF.—Polyester casting resins of- 
fered in light shades with light-proof 
quality, Ultramid BM (polyamide) 
with extremely high molecular weight 
for blowing of films and_ hollow 
pieces, extrusion of tubes and_ pro- 
files was one of BASF’s specialties. 
Better processing properties are at- 
tributed to new high impact poly- 
styrene K 217 and polystyrene type 
51, a co-polymer of styrene and acryl- 
onitrile, is benzine-resistant. 

The Bakelite Co. showed polyethy!- 
ene powder and aqueous as well as 
solvent-containing dispersions for the 
economical and technically interest- 
ing coating of individual parts, rib- 
bons and rolled materials, metal films 
ete. 

A number of new technical resins 
for the abrasive and metal-working 
industry was exhibited by Chemische 
Werke Albert. 

Chemische Werke Huels: “Vesty- 
ron HI” a new high-impact poly- 
styrene modified with butadiene for 
injection and transfer molding, ex- 
trusion, vacuum forming ete. Low- 
pressure polyethylene will) be pro- 
duced shortly. 

Farbenfabriken Bayer: “Novodur” 
(acrylonitrile, butadiene and styrene) 
shows extreme strength and_ facili- 
tates production of large-size parts 
without reinforcement with other ma- 
terials. “Moltopren” rigid foams 
on polyurethane basis now serve as 
carrying core in sandwich construc- 
tion of railroad car bodies and roof 
cover plates for busses, Soft Molto- 
pren is used as carpet base, for sound- 
deadening linings and lining of warm 
clothes. 

Henkel & Cie. produce cold and 
warm hardening epoxy polyesters for 
bonding of metals, bonds having bet- 
ter strength than riveted or welded 


parts. 
Resart-Gesellschaft offered a new 
high - speed powdery thermosetting 


molding compound for undyed trans- 
parent moldings of extreme strength 
and fine appearance. 

Ruhrehemie AG. started produc- 
tion of low-pressure polyethylene ac- 
cording to Prof. Ziegler’s method, 
yielding medium molecular weights 
of 100.000, 500.000 and 1.000.000, 

Dynamit AG appeared with “Tro- 
pal” casting resins with high fastness 
to light and bursting strength. VP 
1527 is a new material for photo- 
elastic investigations which will re- 
main free from stresses. 

The A. Hagedorn Co. excells” in 
plastic plates for vacuum forming on 
the basis of different materials. This 
company developed a method for sta 
bilizing glossy surface finishes and 
immune infra-red 
forming in- 


making them 
radiation or 
fluences. 

H. Roemmler GmbH, showed phos- 


vacuum 
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phorescent molding compounds and 
plates as well products) made 
therefrom such as dials, traffie signs, 
ete. 

Marko- and Crystie polyesters by 
Seott Bader & Co. Ltd. are produced 


under a license agreement by Tran- 
schemie Frankfurt GmbH. 
The Deutsche Gold- Silber- 


Scheideanstalt offered the “Flexico” 
air- and water-tight slide zipper made 
from polyethylene or PVC. 

A new plasticizer, type 3844, de- 
veloped by Deutsche Hydrier-Werke, 
is heat- and cold-resistant and dis- 
poses of excellent electrical proper 
ties and low volatility. 

A turbine blade of laminated glass 
fibres phenolics for the cold part of 
au jet engine was exhibited on the 
stand of the textile glass industry. 
Such blades are not subjected to the 
elongation observed steel blades 
at 14.000 rpm. 

Felten & Guilleaume will shortly 
introduce polyethylene injection mold- 
ing compounds with glass fibre rein 
foreement. 

Novel equipment was exhibited in 
the field of mixing and = gelatinizing 
calendars, low pressure 
extruders, crushers and 
vacuum forming machines while in 
jection molding machines to 
have consolidated as far as design is 


machines, 


presses, 


concerned. 

The movement of the mixing arm 
of the DIOSNA mixer is made in the 
form of a lying ellipse counter-clock- 
wise to the movement of the vat. 

Centrifugal and turbulent flow 
principles were used for the pre- 
cision mixer by Gebr. Loedige which 
provides for pneumatic transfer of 
the hot granules into a built-in cool- 
ing mixer. 

Suspension-PVC is heated to 150°C. 
within two to three minutes in the 
special kneader of the Draiswerke 
GmbH. according to the principle of 
interior friction in a high-speed drum. 
Automatie switching transfers the 
material into a cooling drum. Built-in 
sieves guarantee uniform granule 
size. 

Berstortf Maschinenbau-Anstalt ex- 
hibited for the first time the AUMA 
machine for continuous welding of 
thermoplastie sheeting. 

A universal small press at less than 
DM 1.000. for development, lab 
oratory work and restricted produc- 
tion runs is offered by ABC Kunsts- 
toff-Werk Tautenhahn, with a_ table 
size of 240 x 280 mm and 6 tons 
pressure. 

Ankerwerk Gebr. Goller introduced 
i low pressure press for large-size 
glass fibre reinforced polyester parts. 

Maschinenfabrik Wilhelm Bussmann 
appeared with a high-speed injection 
molding machine type GM 100, mold 
closing pressure 100° tons, adjustable 
injection pressure up to 25 tons, hy 
draulically operated molding unit, 
automatic single and double packing 
of injection cylinder, max. shot 


Weight at single loading 150 grams, 
at double loading 250) grams, max 
number of shots per minute: &. 


Maschinenfabrik Weingarten now 
builds Lester thermoplastic injection 
molding machines under license from 
Lester Engineering Co, 

Dr. Fritz Sommer introduced a new 
design of a fully automatic injection 
molding machine, type DS80VA, in 
which the injection cylinder is moved 
over the stationary plunger during 
the injection cycle. All) movements 
are effected from one side only which 
results in very short closing and 
opening cycles and 
simple and robust construction of the 
machine itself. Max. number of ,shots 


permits very 


per minute: 10. 

Frieseke & Hoepfner’s SP series 
of extruders develops the required 
heat in the barrel by varying back 
flow of the material which results in 
friction and guarantees good mixing 
of the feed. 

Paul Leistritz 
screw extruder with screws adjust 
able for clockwise or counterclock 
Screws are borne by 


showed il double 


Wise action. 
floating bearings. 

A new continually operating double 
screw extruder for gelatinizing vari 
ous plastics was exhibited by Werner 
Pfleide rer. 

Heat-sensitive plastics are 
reduced to any desired degree in a 
turbo-mill by Hermann Bauermeiste? 
GmbH. with the aid of air jets, but 
without additional cooling agents. 

New equipment for processing of 
films, stamping calendars, multi-color 
photogravure printing machines and 
equipment for a combination of 
printing and stamping, flaking, metal] 
izing, welding, vacuum forming and 
a special machine for forming of 
films as lining in metal and wooden 
barrels (Vogt & Hartmann Masch 
inenbau) were to be seen, 

A comprehensive survey on ready 
articles exhibited at the Duesseldorf 
Fair follows. 

NEW POLYETHYLENE. Georg 
Schulz and Karl Mehnert, 

Part 2 of this article on low pres 
sure polyethylene “Hostalen” as pro 
duced by Farbwerke Hoechst, is con 
cerned with processing methods, free 
cutting machinability and application 
of Hostalen in households, trade and 
various branches of industry. 


November, 1955 
PROTECTIVE COATINGS OF 
AQUEOUS PLASTICS DISPER- 
SIONS ON PACKING PAPER — G. 
Hagen 

The application of plasticizer-free 
aqueous dispersions of co-polymers of 
vinyl chloride and vinylidene chlor 
ide on Wrapping paper by dispersion 
coating and the advantageous effect 
obtained by such protective coatings 
(resistance against water and variou 
diluted chemicals, aliphatic hydroeat 
bons, mineral oils and fats) are dis 
(Please turn to page 59) 


being 


cussed. 
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Edited by 


Stanley Bindman 
Jamison Plastic Corp. 
1255 Newbridge Road 

North Bellmore, L. 1., N. Y. 


Three Speakers Present Different 
Phases Of Plastics Finishing Processes 


R. Bostwick 


1056 


Section was 


meeting of the 
held) January 


The first 
Ni \ irk 


11. This was a joint meeting with the 
Ni York Seetion and a goodly num 
ber of friends from across the river 
vere present. After the dinner there 
ere fe remarks by Hoehn, 
our om viee-president, and Guy 
Martinelli, the New York section 
president 

The program for the evening was 

presentation of different phases of 
1 tics finishing processes by three 
peakes The first speaker was Mr. 
R. H. Stalbaum of F. J. Stokes Ma 
chine Co Who spoke on vacuum 
metallizing, Mr. Stalbaum pointed 
out the difference between top) sur- 
face coating and second surface coat 
ing. In the latter case, the coating 
is applied to the under-side, Examples 
of top surface coating are costume 

Iry and fish lures, while auto 
mobile horn buttons are examples 
of second surface coating, Coatings 
ire measured in terms of millionths 
of an inch, 

Mr. Stalbaum deseribed the metal 
lizing process in detail. The pieces 
ive first mounted on racks and then 
lnequer coated and baked. The lac 


applied by spraying, dip 
spinning. 


quer ean be 
pinigy, flow coating or slow 


\ typical baking cycle is one to two 


hour it 150 EF. After the baking, 
the racks are put into the vacuum 
chamber where the metallic coating 


applied. For aluminum, the source 


is aluminum staples hung from a 
tungsten filament. For other metals, 
the ouree is that particular metal 
noua tantalum or molybdenum = cru 
cibl \fter the metallizing, a top 
coat of laequer is applied and baked 

before, No buffing or polishing i 


read 


The vacuum chamber contains a 
rotating drum on which the piece 
ire mounted. Metal sources can be 
located both inside and outside the 
drum to cover all surfaces. 

Futty 


The metallic film will hide the base 
color of the plastic, permitting utili 
zation of scrap. The metallic film ean 
also be dyed. The deposition of the 
accomplished in 5-10 
inside the chamber, Some 
newer developments in this field are 


metal can be 


seconds 


the use of metallizing in printed 
circuitry and the lamp industry and 
continuous metallizing of film, such 
us Mylar, 

The next speaker was Dr. L. E. 


Parks of Logo, Ine. Dr. Parks spoke 
on painting of plastics to improve ap 
pearance, At the outset, Dr. Parks 
pointed out the difference between 
lacquers and enamels. A laequer is a 
solution of thermoplastic 
Evaporation of the solvent leaves the 
resin as a film which can re 
dissolved, An the other 
hand, involves curing during drying. 


resin. 


enamel, on 


The resultant film is longer 
soluble. 

Paints for plastics contain resin 
systems, solvent systems and pig 
ments. The resins must give the de- 


sired properties, while the solvents 
must not hurt the plastic. Dr. Parks 
discussed some of the problems in 
painting. In the first 
standards must be set properly. Sur 


place, color 


face design must be taken into ac 
count. For example, fluted and flat 
areas may not look the same color 


even with the same paint. Thinners 


must be carefully selected to avoid 
etching. 

The final speaker was Dr. Irving 
Skeist, of Skeist Laboratories, who 
spoke on cementing and laminating 
of plasties. Dr. Skeist discussed in 
particular the influence of polarity 


and erystallinity on these 
He rated the common plastics in pol 
arity polar nylon to 
highly polyethylene and 
Teflon; also erystallinity 
highly erystalline nylon and 
ethylene to highly non-crystalline 
polystyrene. In general, the crystal 


processe 


highly 
non-polar 


from 


from 
poly 


line plastics are harder to bond. 
During the discussion period fol 
lowing the talks, it was brought out 


that the re for the lacquer base 
prior to metallizing was to provide a 
hard, and to hold in 
outgassing. 

Table favors were donated by Jer- 
sey Plastics. Door prizes 
nated by H-P?-M and Shaw 

The regular December 
the Newark Section 
successful Christmas 
Military Park Hotel in Newark, N. 
J., attended by almost 300 members 
and guests. These lucky people had 


ason 


smooth surface 


were do 
Insulator. 
meeting of 
was highly 
party at the 


un excellent dinner, saw a top-notch 
show, and danced to fine music, all 
due fi the hard work of Don Biklen, 


Bob Hoehn and their helpers on the 
dance Printed programs 
were contributed by Joe Bonnano of 
Lionel Corp. Table favors for the 
ladies donated by Coty, Ine. 
And, of course, numerous door prizes 
were on hand. A good time was had 


committee. 


were 


by all. Our retiring president, Bill 
Willert of FPF. W. Egan & Co., was 
presented with a handsome wrist 
watch. 

The new Section officers for the 
coming year are: President, Don Bik- 


len of Orangeburg Mfg. Co.; Vice 
President, Bob Hoehn of Mack Mold 
ing Co.; Seeretary-Treasurer, John 
Lombardi of Shaw Insulator Co. 


New Directors for the coming yea 
are: Dennis Mullins of Dow Chemical 
Co.; Bill Bradbury of Plastie Molders 
Supply Co.; Ernie Csaszar of Eagle 
Tool & Machine Co. 

Best wishes to Irving Skeist and 


the newly formed Skeist Laboratories, 
and to Al Spaak in his new position 
with Mastro Plasties Corp. 


Upper Midwest 
Epoxy Resins Talk 


Francis W. Brown 


The Upper Midwest Section of the 
S.P.E. held its regular monthly meet- 
ing at Worwa’s Cafe in Minneapolis on 
9th. The evening was high 
a talk on Epoxy Resins 
Director of Plas 


January 
lighted 
by Jerome 


with 


kor Mle, 


tics Research at Minneapolis-Honey 
well Regulator Company, Mr. Formo 
drew examples from Minneapolis 
Honeywell experience and showed 
how epoxy resins have been put t 
use in five groups of applications 

coatings, adhesives, castings, mold 


ings, and foams. He further explain- 
ed how the inherent properties of 
epoxy resins their resistance to 
chemical attack, good color retention, 
adhesion to metals and other mater 


flexi 
strength, 


ials, good wetting properties, 


bility, toughness, high shear 


good electrical properties, dimension 
al stability, and handling character 
istics make them useful in each 
application, The talk was illustrated 


with slides and examples, 
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Philadelphia 


Applications of Radiation to 
The Field of High Polymers 


C. H. Jepson 


“Application of Radiation to the 
High Polymer Field” was the subject 
of discussion at the joint meeting of 
the Philadelphia Sections of SPE and 
SPI held at Franklin Institute in Jan 
uary. The speaker was Dr. David S. 
Ballantine who has been associated 
with various phases of the atomic 
energy program at Oak Ridge, the 
Kellex Corp., and the Brookhaven Na 
tional Laboratory. His most 
work has been concentrated on a study 
of the effects of radiation on the 
synthesis and physical 
plastics. 

Dr. Ballantine reviewed some of the 
experimental work in which the pro 
perties of finished plastics had been 
altered by radiation. One of the appli 
cations of this work has been the con 
version of polyethylene to a high melt 
ing material through exposure to radi 
ation of the X-ray or 
variety, high energy electrons eman 
ating from radioactive beta decay o1 
from machine accelerators. Although 
similar results can be obtained 
neutron irradiation, it is extremely 
loubtful that this technique will be of 
commercial interest because it renders 
the plastic itself radioactive. The vari 
ous molecular changes that take place 
when a plastic is irradiated were dis 
cussed, and Dr. Ballantine showed how 
these changes could lead to gas form 


recent 


properties of 


gammaisray 


ation, branching, crosslinking, or de 
gradation depending on the materia 
and environment. 

In the speaker's opinion, the cross 
linking or degradation that can be 
produced by irradiation is now rather 
well known, and much less likely to 


Kansas City 


have important commercial application 
than the use of radiation to produces 
graft copolymers. In this technique, a 
polymer is irradiated in the presence 
of a2 monomer of a different type and 
the monomer is grafted onto the poly 
mer molecules. In this way, composit: 
structures can be formed in which one 
can combine the basie solid properties 
of one plastic with different surface 
properties of a second plastic chemice 
ally adhered to the first. Treatment 
of permeable plastics to make them 
resist penetration, and treatments to 
produce gross change in “slip” or co 
efficient of friction have been demon 
strated 
Brookhaven. 


experimental work — at 


The following men have transferred 
their membership to the Philadelphia 
Section of SPE: Mr. FL. Faxon Ogden, 
Mrs, Frank Y. Speight, Mr. Walter S 
Lodge, Mr. Donald G, W hipple. 


In addition, the following men have 
joined the Section during the last two 
months: Robert S. Adams, Robert J. 
Hoffman, William H. Markwood, Jr.. 
Frank C. Sehutz, Earl B. Wissmer, 
James B. Sheffer, Jr., Robert T. Burns, 
Robert Arnold, Richard Buseh, M. 
A, Wunsch, Jr., Jay H. Rosenson, Paul 
Thomas, MeKay Collette, William 
J. Davis, Daniel M. McAfee, Harry 5. 
Stott, Joseph FE. Alexander, Daniel G. 
Welsh, William L. Moore, Alfred J. 
Green, Randolph G. Milnes, Emmett FE. 
Hixon, Harry W. Cyphers, George De 
Hoff, Jr., John W. Haught, William N. 
Nissle, Irvin) M Ralph | 
Close Dovee B. Hanson, Frederic P. 


Allard. 


Cohen, 


Properties of Zytel Discussed 


John E. Ferguson 


The February meeting was opened 
after the social hour by Mr. Jack Fen 
guson, retiring President of the Se« 
tion. An announcement was made on 
attendance; fifty-three persons made 
up of twenty-four members 
twenty-nine guests. Some fifteen ap 
plication blanks were requested by the 
guests before and after the program 

Mr. Ferguson then announced = the 
results of the recent election of dire 
tors and subsequent election by the d 
rectors of the 1956 officers for the 
Kansas City Section. Mr. Kenneth 
Kaufmann of Spencer Chemical Com 
pany was then introduced to the at 
tendance as the new section President 

Mr. Kaufmann, after his acknowl! 
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edgement and acceptance of the office, 
requested that Mr. Fred Sutro, Na 
tional National 
Membership Chairman, report on his 
recent trip to the National Meeting. 
Mr. Sutro after his report suggested 
that the Kansas City 
having regular business meetings each 


Committeeman and 


Section begin 


month to better acquaint the member 


ol thre 


with the workings national 
ranization, 

Mr. Kaufmann next introduced My 
Bill Wall ol Dupont Company it thre 
feature speaker for the evening. Mr. 
Wall spoke on Dupont’ 


material, Zvtel, and showed many mn 


enpineering 


teresting applications of this material. 
During and after his presentation, the 


members brought up a number 
questions that made the program mo 
educational. the conelusion, Mh 
Wall presented film. on 


hewest ck velopment, the Poly lines 


Dupont’ 


Pacitic Northwest 


Officers Named 


R. A. Fulton 


After avery cocktail 
hour sponsored by the Pacific North 
west Seetion of SPE for members and 
their wives at the Wharf Restaurant 
Seattle, Washington, December 1}, 
1955, the business part of the meet 
ealled to order at 
mately 9:20) pom, 


enjovable 


ing was Upproni 
After introduetion 
of all members and their wives, Pre 
ident Carr reiterated the program of 
the association and it weompli 
ments of the past yeu and pissed 
on to the new officers and direetor 
the following recommendation 
Actual work on. the 
of the Roster of Plastic 
factures 

of the SPE in the Pacitfie North 
West, 


con ple tier 
Manu 


among the member of 


te 


The investigation of the po 
bility of aplastic how tea be 
held in the Pacifie Northwest 
3. The investigation of the po 
bility of booth at the Wester 
Washington Fai ponsored by 
the Pacific Northwest SPE and 
participated i by interested 
member compant 
4. The 


er’s Bureau to 


establishment of 
upply qualified 


Spe ik 


speaket to variou Interested 


groups in the area under the 
leader hip of the Mdueational 
Committee. 

>» Recommendation of a change in 
the meeting time from Thursday 
night to Friday night. 

6 Recommendation for more me 
ing to be held away 

Several to be held 

Portland 

Vaneou er, 


After the 


passed on to the me 


Seattle. 


len 


recommendation 
ofiees 
new officer Were announced to the 
member hip follow 

President, Bud Cole; Viee Pre 


dent, Jin 


urer, Dick Davidson 


Canada SPI To 
Hold Meet 


Phe 4th Canadian SPL Conference 


Gillman; 


Will be held Mareh Sth and Oth at the 
Sheraton Bros Ni: 
Falls, Ontario. The progran ‘ 
many fields of interest especiilly { 
molder and other converter 
formation resel tions, re 
phone \ J bull yr, 204 | Iy 
St... Toronto, Canada, or SEI, You 


St.. Toronto. 


| | 
| 
. 


R. 1. and S. E. Mass. 


Cliffton J. Cowan Discusses Estimating 
And Pricing For Injection Molding 


Glenn A. Tanner 


The January meeting of the RL & 
S.E. Ma Section was held January 
26 at Wayland Manor, 
Speaker for the evening was Cliffton 
J. Cowan of Corp., 
Providence, R. a 

Mr. Cowan spoke on “Estimating 
and Cost of Injection Molding.” At 
the outset he explained that injection 
actually a low profit) busi- 
ness When all factors are considered. 


Prov idence, 


Cowan-Boyden 


molding is 
Compared with other business the 
capital investment required to enter 
the field of injection molding is ex 
tremely high for the possible profit 
return 

The field is not only very com- 
petitive, he pointed out, but is fur 
ther complicated by small “home” or 
“alley” shops who figure little or no 
overhead, Also there are many 
propletary molders whose overhead 
is carried by their own products. An 
iverage custom molding shop has 
a difficult) time quoting competively 
ugauinst these people, 

Mr. Cowan stated that if there was 
system used by all con- 
figuring pricing that the 
Whole industry would profit. For dis 
purposes he explained his 
own pricing system in complete de- 
tail, By means of a typical ESTI- 
MATE WORK SHEET he showed 
one job figured for both a one cavity 
oz press and a 16 cavity 


uniform 
cern in 


mold in a 2 
mold in a 20 oz. press. 

Molding labor burden was fixed in 
proportion to the capital investment 
of the machines used. Finishing labor 
burden was computed at 10007. Re 
jects vary from zero to 5% depending 
upon the item. After the costs of 
molding, finishing, rejects and = ma- 
terial were added percentage of 
this total was added for gain or 
profit. 

Much criticism has been made of 
molders who figure in this fashion, 
he said, for some claim that molders 
should) not add a mark-up the 
material, The same thing applies to 
the mold costs. On this point Mr. 
Cowan was very firm. No one in 
handle anything for 
free. Every action has its costs and 
this includes the handling of powder 


these costs are not 


business can 


and molds, If 
covered, these items are then actually 
being handled at a loss. 

The speech was followed by a very 
itive session with Mr 
Stephen Kalarian, General Manager, 
Molding Corporation of America and 
our new Vice President as moderator. 

Prior to this talk our new. presi 


discussion 


Fiftu two 


tent Mr. Allen L. Barker of Mono- 
watt Div. of General Electrie Co. 
conducted the business meeting. He 
asked for the entire section to cooper- 
ate with Mr. Howard J. 
Reliance Molded Plasties, Ine., who 
is chairman of the Educational Com- 
mittee. Our section has definite plans 
for an educational program’ which 
will start this fall. Assistance is 
needed for the sessions. Our section 
will be one of the first to undertake 
such a program in conjunction with 
au university. 

It was announced that Mr. Sigurd 
Kliason of C&M Plastie Co. and one 
of our directors has been ill with 
tuberculosis. He will be in the hos- 
pital for some time yet. The best 
wishes of the entire group was for- 
warded to him. 

Five lamp wiring kits were donated 
as door prizes by Allen Barker and 
Monowatt Div. of General Electric 
Co, 


Chicago 
Brown Presents 


Film; Officers 
For '56 Elected 


Lloyd E. Parks 


Chicago Section Officers for 1956 
are: 

President, F. L. Fine, Rohm & Haas 
Co.; Vice President, K. A. Rouzer, 
General American Transportation Co.; 
Secy-Treas., Lloyd E. Parks, Logo, 
Ine. 

The new directors and committee 
chairmen for 1956 are: 

Rudolph Jecwar, Beewar Mfg. 
Corp. (newly elected), Credentials; 
R. Kk. Daniels, Amos Molded Plastics, 
House; Leo J. Diamond, Koppers Co., 
Inc., Program (Co-Chairman); F. L. 
Fine, Rohm & Haas Co.; R. D. Hanna, 
Hercules Oil Co., Golf; Lloyd FE. 
Parks, Logo, Inc. (newly elected), 
Publicity & SPE Journal Reporter; 
Charles Rank, Richardson Co. 
(newly elected), Professional Activ- 
itv; K. A. Rouzer, General Amer. 
Trans. Co., Program (Co-Chairman); 
Karl Wilson, Perfex Plasties, Ine., 
Membership 

Mr. W. F. Brown, representative 
of the Bakelite Company, presented 
a very interesting new film, “Mold- 
ing Phenolies.” This is a 16 mm black 


Amster of 


and white sound film loaded with in- 
formation about phenolic molding 
techniques. 

The subject was covered thoroughly 
and completely from the first concept 
of the design to the finished products, 
methods of designing, building, and 
finishing molds for general and spec- 
ialized articles were outlined. The 
various phenolic molding 
are outlined schematically and the 
advantages of each process are point- 
ed out. The important variables, such 
as temperature, pressure, and time 
were discussed. Specialized problems 
such as mold release, inserts, under- 
cuts, and machining were mentioned 
with emphasis on the most up-to-date 
techniques. 

The film is well done, and we ex- 
press our thanks to Mr. Brown for 
his presentation and supplementary 
comments on the subject. 


processes 


New York 


Scroll Presented 
To 500th Member 
Of N.Y. Section 


Jim Dugan 


The New York Section, SPE, cele- 
brated another year of expansion at 
the annual Christmas party on De- 
cember 21 at the Gotham Hotel in 
New York City. The gala affair in- 
cluded a cocktail hour, dinner, and an 
elaborate entertainment program, all 
of which was enjoyed by a record at- 
tendance of 175 members and guests. 
A seroll was presented to Peter 
Henry Merz, Samuel B. Eppy & Co., 
the 500th member to become. affili- 
ated with the New York Section. 

Palmer Humphrey, R. C. Molding, 
Inc., presided over a_ brief business 
session following dinner, introducing 
the new Section officers diree- 
tors for the coming year, as follows: 
president, Guy Martinelli, Sylvan 
Plastics, Ine.; vice president, Irvin 
I. Rubin, Robinson Plasties; secre- 
taury-treasurer, George Leaf, Leaf 
Plasties, Ine.; and local directors (for 
three-year terms), Baron, 
Ideal George Lubin, Bas- 
sons Industries, Inc.; and Howard S. 
Dudley, American Cyanamid Co. 

Mr. Humphrey thanked the out- 
going officers, directors, and com- 
mittee chairmen for their work dur- 
ing the past year. Appreciation was 
also expressed for Mr. Humphrey’s 
work, and he was presented with a 
gift as a token of the Seetion’s high 
regard for his services. 

A number of table favors were dis 
tributed, and the evening was con 
cluded with a drawing for 
thirty door prizes donated by mem- 
ber companies. 
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Kentuckiana 


Application Of Epon Resins In Plastic 
Tooling Is Discussed By Speaker 


R. O. Carhart 


The monthly meeting of the Ken 
tuckiana Section was held at Bauer's 
Restaurant, Louisville, Kentucky on 
January 25, 1956 with approximately 
30 members and guests in attendance. 

Our guest speaker, Mr. William A. 
Hubbard of the Shell Chemical Com- 
pany was introduced by Program 
Committee Chairman, Robert Milla: 
of the Plax Corporation, and gave 
an interesting and informative dis 
cussion of “Epon Resins and Their 
Application in Plastie Tooling.” Mr. 
Hubbard pointed out that plastic 
tooling has two major advantages, 
(1) lower cost of material, in most 
approximately 500 of 
metal and (2) less time required in 
fabrication of dies. In making a de- 
cision as to whether or not to use 
plastic tooling, three factors to be 
considered should be (1) strength re- 
quired, (2) effect of heat on strength 
of material and (3) effect of heat on 
material over long period of time, 
such as cracking. Several samples of 
dies and parts made from them were 
shown to indicate the possibilities of 
plastie tooling. 


cases 


Our president for the past year, 
Arnold M. Varner, General Electric 
Company, announced that Kenneth 
A. Erwin, also of the General Elec- 
tric Company, has been elected pres- 
ident for the coming year. Other new 
officers for 1956 are: C. J. Young, 
Crescent Plastics, vice president; W. 
Bailey, Hoosier-Cardinal Co., secre- 
tary; and W. B. Watkins, Premier 
Thermoplastics Co., treasurer, Mem 
bers of the Board of Directors, in 
addition to Mr. Erwin, Mr. Bailey 
and Mr. Watkins are J. R. Davidson, 
Hoosier-Cardinal Co.; R. E. Esehen- 
aur, U. S. Plywood Corp.; R. R. 
Millar, Plax Corp.; H. Rhodes, 
Kent Plastics; E. H. Roberts, Gen- 
eral Electric Co.; and A, M. Varner, 
General Electric Co. 

Mr. Varner, in relinquishing lead- 
ership of our section to Mr. Erwin, 
expressed appreciation and thanks to 
other officers and committee chair- 
men for the year 1955 for a job well 
done. It was pointed out that our 
membership has grown to 46 in less 
than a year and hope was expressed 
that this could be doubled in the 
coming year. 

Another high point of the meeting 
was the announcement that the char 
ter for our Kentuckiana Section was 
presented to Mr. Varner at the re 
cent SPE Conference in Cleveland. It 
Was passed around for all to examine 
and admire. 


In closing, Mr. Erwin announced 
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the appointment of two committee 
chairmen, A. ae Roche, Monsanto 
Chemical Co., membership; and R. O. 
Carhart, General Electric Company, 
publicity. The request was made fon 
anyone desiring to take an active part 
in our organization and serve as com 
mittee chairmen to let such desires 
be known. 


Milwaukee 


Six Local Firms 


Furnish Speakers 
W. H. Brueggemann 


The January meeting of the Mil- 
waukee Section of SPE was unique 
in that the program was presented 
by local speakers representing a part 
of the local plastics industries. The 
purpose of the meeting was to have 
the local members become acquainted 


with the loeal activities in plastics 
and the men involved in these activi 
ties. 

Six companies from the Milwaukes 
area furnished speakers for this 
meeting, The speaker, company and 
the topies discussed were as follows 

Paul Tills, Plant Engineer, Diekten 
und Masch Mfg. Co., “Plastie Parts 
from Molding Compounds;” Art Rae 
uber, Director, Reinforced Plastics 
Research, A. O. Smith Corporation, 
“The Use of Adhesives, 
Coatings, Plastic Tooling and Pipe at 
A. O. Smith;” Bill Gobeille, Plant 
Manager, American Motors Corpora 
tion, “Decorative Plastics by Vaeuum 
Plating;” Eli Ostoich, Assistant Sales 
Manager, Sunlight Plasties, “Extrud 
ed Plastic Tubing and Sheeting;” 
Kred Shaw, Director, Conolite Re 
search, Continental Can 
“Continuous Laminating of Polyester 
Resins; Alfred H. Keleh, President, 
A. H. Keleh Company, “The Appli 
cations of Plastisols.” 
enthusiastic re 


Plastics in 


Company, 


Because of the 
sponse received by the speakers, this 
type of program will be carried on at 
each monthly meeting in addition to 
the regular program speakers, 

Several new members were welcom 
ed at this meeting. We hope they will 
find their relationship with SPE to 


be rewarding. 


DRUM TUMBLERS 


PRICES: 

IMS Model T-2 
IMS Model T-2B 
IMS Model T-2C 


— 34 HP 
— 2 HP 
—3 HP 
~ Prompt 


Tumbler ..... $ 498.50 
Tumbler ..... 
Tumbler ..... 
Delivery 


785.00 
1145.00 


CUT YOUR COLOR TUMBLING COSTS! 
Send for New Cams] Tumbler Folder Today 


3514 LEE se 


Phone Your Order Today! 


CLEVELAND 20, OHIO 
WYoming 1-1424. 
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signs on a variety of materials, in- 

cluding plasties. 

Offi | The speakers explained the gen- 
icers E ected John E. Ferguson eral methods for printing or decora- 

ting with colors, including the flat 

impact, retary impact, stencil or silk 


Kansas C ity 


Phe Kar City Section hel ts who guve us a very enlightening talk . . 
held 1 Ril is a very enlightening ta screen and offset planographie meth- 
ial election of the Bo urd of Direc on patent quirks and the general od R cll h ! ink \ { ik 1 
eseare cs as ‘scr 
tor rel the ubsequent eleetion of workings of the patent laws. It was 
ices for the coming year, Eleeted a very informative talk and was filled oO 
i compo i as- 
ctorship were the following: with much humor elaboration 
‘ \ : , on variou yatent that have been tic substrate and set of performance 
W. Heflin, Jr, of Avseo, I requirements. The complexity of this 
Ine.; Fred C. Sutro, of Spencer Chem issued over the years. Mr. Kenneth roblem \ brought out by tl 
Ca Kenneth A Kaufmann, of Kaufmann gave the Section some 4 ex 
“Cl I Co \ | il brief high-lights of his recent trip to istence of some 55000 Markem ink 
pencer lemiea o.; M. L. Davis, formulations, perhaps 5500 of which 
al etion Molding Co Robert Germany to attend their lastics lu it tl TI 
Fhompson, of E. I. DuPont Co.; John Position. We were very pleased over any one 
KE. Fergus f Avse Sins: | Sil the fact that thirty-eight members importance of the ink roll or plate 
erguson, of Avseo, Ine.; vil composition as a factor in working 


turned out for the meeting the day 


lemming, of Bendix Aviation Corp.; if 
life and drying time was also stress 


Georg ae of Holiday Plasties, ed. The presentation closed with an 
a ee Kuhlman, of Kuhlman enlightening film illustrating the suc- 
lastics Co, cessful use of Markem machines and 
Kleeted to the Presidency was Mr. Toledo methods in numerous commercial 
Kenneth A, Kaufmann; Vice Pres marking and decorating applications. 


dency was assigned to Mr. George Marking Plastics In these cases the combination of the 


Roach; Secretary position will now be correct machine, a specifically design- 


vecupied by Mr. Phil Flemming, and Carlton A. Richie ed ink, and properly controlled operat- 
the ‘Treasurer's post by Mr. George ing conditions led to economical ap- 
W. Heflin, Jr. The series of programs on the dec- plication of color on a mass produc- 
Our Section would like you to make oration of plastics, which been tion basis. 
in announcement of our eleetion and the subject of two other recent meet- The talk was well received and 
to note the following: We, of the ings of the Toledo Section, was con- stimulated an interesting discussion 
Kansas City Chapter, having com cluded at the January 11th meeting during the question-and-answer  per- 
pleted our first year of chartered with a presentation of the Markem iod, 
wetivitic Wish to express our deep Machine Company methods for mark- The 1956 officers were installed at 
nd sincere thanks for the assistance ing plastics. Thirty three members the meeting, and President Frank 
given us by the various speakers who and guests met at Lynn’s Restaurant Rosenberger announced committee ap- 
o generously donated their time dun for a dinner meeting at which Mr. pointments as follows: Jim Hyland, 
ng the past year. Carl Johnson and Mr. Sumner Ray- Program; Bob Lowry, House; Gun- 
At our last meeting held January mond of Markem discussed the ma- ther Greifelt, Membership; John Lar- 
1956, we were entertained very chines, inks and methods developed imore, Publicity; Jack Little, Pro- 
royally by Mr. Earl C. Hovey, a pat by their organization for applying fessional Activities; Don Bowlin, Cre- 
ent attorney of Kansas City, Missouri, surface markings or decorative de- dentials; Bert Gogel, Auditing: Dick 


Obert, Educational; Dave Cordier, 
Nominating; Geoff Bennett, Election 
Inspection; and Carlton Richie, SPE 


Journal Reporter. 
M iti r 
embership Competition Chart 
mpersnl m Col Slid 
It more-Washinetor Bh. OE. Franklis 7 “4 
F iF & Library Needs 
Central India Andersor 16 160 
“ Color slides — 35 mm of ALL 
1-Akrot + phases of plastics molding, extrusion, 
16 70 fabrication, mold making and so on 
New England 48 wouldn’t it be wonderful if SPE had 
I City Robert Thom st sets of these on each topie for loan 
M Martin Bret 10 dents? 
New ¥ ag 143 74 92 + We're trying! 
John L. Haugsrud 190) That is, the Education Committee 
| Northwest 1 D slides! So if YOU have such photos, 
4. or can make them, then you can per- 
h fl form a valuable service to the plas- 
Rochente Albert FL Patterser ‘ to J. H. DuBois, Box 311, Clifton, 
New Jersey, and tell him what you 
‘ fort ence B. Gree can do. 
+ This slide library is not only a 
Volede Guather Griefe fit wonderful and important project 
N s 6Y thing wonderful and important for 
POTAT 830 63° the business you are in. Your help 
will be greatly appreciated. 
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Prediction of Stress-Rupture . . . 
(Continued from page 23) 

rupture, curve similar in shape to the endurance limit 
curves or S-N fatigue curves commonly used in engineer 
ing. These curves indicate that there is a limiting stress 
below which the life can be expected to be indefinitely 
long. It is this limiting stress which is of practical interest 
in most applications. As the stress level is decreased and 
approaches the limiting value, the seatter in test results 
becomes very great and much work (15) has been done 
to statistically describe this “Endurance Limit.” To the 
practical engineer this is a “go—no go” limit of extreme 
importance. He is not so much interested in the stress, 
temperature and time which break a material as he is in 
the stress, temperature and time which will not break 
a material. This latter point can only be firmly estab 
lished by the acquisition of a large volume of stress- 
rupture data. 
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Molderscope 

(Continued from page 45) 
material—parts with black flecks, parts that peel, warp, 
or age prematurely. The injection molder, therefore, must 
be more alert with this material than with styrene just 


because the troubles with it are so elusive and contra 


lictory! 
Next month will conclude this series of articles with 
a round up of comments and ideas offered by various 


readers. 
SPEaking 


obtainable at the higher r.p.m. Not only would the homo 


(Continued from page 47) 
geneity of the extrudate suffer as the speed of the ma- 
chine increased above a certain limit, but pulsation would 
also become more n arked., It = conce ivable that the real 
limitation to high speed work would be not so much one 


f power, but rather of quality. 
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FINELY GROUND MICAS 
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U.S. MICA COMPANY, INC. 
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WINS LABS ZAZA 


for HIGH dielectric — 


NA 


and LOW water absorption 


DUREZ 16274 


is more versatile than ever 


Whenever insulating value ts critical and prolonged 
high humidity is encountered in service, Durez 
16274 Natural has the properties you want. This 
outstanding phenolic has recently been further im- 
proved. It has longer flow and faster cure, extend- 
ing the advantage of excellent molding characteris- 
tics to a broader field of electrical equipment and 
components. 

With its low dissipation and water absorption 
tactors, "16274" enables finished parts to retain 
their electrical properties after immersion in w ater 
over long periods. Itis strong, dimensionally stable, 
resistant to heat. 


This material meets the requirements of 
MIL-P-14D-type MFE and is available in plastic- 
ities for transfer and compression machines. Our 
revised data sheet and sample ot Durez 16274 will 
gladly be sent on request 


® 
Phenolic Plastics that Fit the Job 


DUREZ PLASTICS DIVISION yoOKER 
HOOKER ELECTROCHEMICAL COMPANY CHEMICALS 
1103 Walck Road, North Tonawanda, N.Y. 


Impact Testing .. . 


(Continued from page 16) 


The Ball Drop Impact Test 

In order to determine the actual practical significance 
of the wide directional strength differential, a ball drop 
impact test was utilized in a further evaluation of the 
wall tile and compression molded specimens discussed 
above, This test consisted of dropping a 66-gram_ steel 
ball from various heights on tile samples supported on 
a 4” x 4” (interior dimension) wooden frame. The end 
point was considered to be that at which 80% of the 
specimens failed, as evidenced by visible cracks, The 
type and speed of stress application found in this test 
is believed to approximate that encountered in the ma- 
jority of molded article failures in the field. The major 
advantage of this technique lies in the fact that the fin- 
ished article is evaluated in a manner that does not con- 
trol the direction of fracture with respect to orientational 
direction. Furthermore the effects of molded article 
geometry can be assessed by this technique. 

The results of this evaluation are given on Chart 
5. Figure 6 indicates no correlation with Izod impact 
results on samples taken parallel to the direction of orien- 
tation. However, a relatively good correlation (94 sig- 
nificance level) is evidenced in the case of those taken 
in the normal direction. The tiles in all cases broke in 
the direction of flow, which is the weakest direction as 
measured by Izod impact. Tiles from the essentially un- 
oriented compression molded sheets did not break con- 
sistently in any one direction and resisted the impact 
of the steel ball at approximately 72” which was the 
capacity of the equipment used. 

The use of commercially produced styrene-rubber 
moldings as impact specimens is continuing in Monsanto’s 
evaluation laboratories in an effort to determine whether 
the relationships outlined above are representative for 
the majority of molded articles. 


Evaluation Scheme for Toughness 

As a result of the work summarized in this paper, the 
following toughness evaluation method for styrene-rubber 
materials is proposed, utilizing shock loading tests: 

Standard ASTM test specimens 12” x x 4” 
and '2” x 's” prepared by injection molding at two 
conditions should be evaluated by the Izod impact at 
a minimum of two notch radii (suggested 0.010” and 
0.040"). These results will give a qualitative estima- 
tion of flow properties of the material. Edge gated 
wall tile specimens (or moldings of similar config- 
uration) should be evaluated by falling ball technique 
and by Izod impact on specimens cut parallel and 
normal to the direction of orientation. Compression 
molded specimens tested in the same manner will 
indicate the inherent toughness “level” as opposed 
to the developed level associated with injection mold- 
ed specimens. If applications are anticipated involving 
abnormal temperature conditiens, these tests may be 
run over a range of temperatures. 

These tests supplemented by tensile property measure- 
ments at two widely separated loading rates should de- 
fine the behavior of styrene-rubber materials and give an 
accurate estimate of toughness level. 


Conclusions 

The proposed evaluation technique much more ade- 
quately determines the effects of anisotropy and idiosyn- 
crasies of flow behavior than any presently accepted tech- 
nique. Since all standard injection molded test specimens 
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are uniaxially oriented and broken in the direction of 
maximum strength, resulting values are not a valid esti- 
mation of practical impact resistance. This can be seen 
readily by virtue of the fact that the strength decrease 
in the direction of orientation (which is the controlling 
one) is not proportional to the increase in the opposite 
direction throughout the range of styrene-rubber ma- 
terials. A realization throughout the industry of this im- 
portant fact should minimize the significance currently 
attached to impact values derived from highly oriented 
(uniaxially) 42” x bars. 

It is felt that through the use of this evaluation tech- 
nique many of the difficulties found in the field with new 
materials may be anticipated and rectified in the labora- 
tories of the industry. 
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Extruder Screw .. . 
B. Shut-down 

1) Allow the extruder to run empty. Do not stop the 
screw until all flow at the die stops. 

2) Shut off the vacuum. 

3) Shut off heats. 

1) It is simple and advisable during a shut-down or at 
the end of a long run, to remove the rotary union 
at the rear of the screw, and to push a rod into 
the core to dislodge any condensate that may have 
collected and solidified in the cold rear portion of 
the screw. If such a condensate has collected, the 
easiest thing to do is to push this material forward 
into the screw through the vent hole. 

C. Start-up After Temporary Shut-down 

1) Set heats to the desired levels. 

2) Start the extruder. 

3) Shoot a blast of air through the core of the screw 
into the extruder, to make sure that no polymer 
has oozed into the vent hole during the shut down. 

1) Start the vacuum pump (see step A-4). 

5) Start feeding resin (see step A-5). 

Conclusion 

The vacuum screw described in this paper has been 
thoroughly tested and evaluated, It offers a simple and 
reliable new method for removing volatiles from plastic 
materials during an extrusion process, and in this way 
eliminates the need for pre-extrusion drying of hygro- 
scopic plastic materials. 

This development was carried out specifically to 
simplify and advance the art of extruding “Lucite” acrylic 
resins. However, we feel that this development may also 
be of interest to the plastics processing industry in general. 


Bibliography on Extruder Design 

Bernhardt, E. C., “Calculating Extruder Performance” Modern Plas- 
tices, Feb. 1955. 

Carley, J. F., McKelvey, J. M., et. al. “Symposium on the Theory of 
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Gore, W. L., Carley, J. F., McKelvey, J. M., “Principles of Plastics 
Screw Extrusion,’”’ SPE J. 9 (March 1953) 

McKelvey, J. M., “Theory of Adiabatic Extruder Operation,”’ Ind. Eng 
Chem. 46, 660-64 (1954). 

Bernhardt, E. C., McKelvey, J. M., ‘Adiabatic Extrusion of Poly- 
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Disks for Use on Plastics Extruders,"” SPE J. 11 (Nov., 1955). 
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NO SPRUES 
7 NO RUNNERS 


2 o2. Capacity, 1200 Shots 
per hour, 30 Ibs. per hour 


Molding 


FOR GREATER ECONOMY ... SPEED... SAFETY 


at Unbelievably Low Cost! 
The STANDARD PIERWOOD AUTOMOLDER 


offers mold protection against closing on un- 
ejected parts. One 15 hp. motor operates 
three machines. Complete, positive and simple 


mechanical controls. No timers necessary. 


MOLD COST 
MAINTENANCE 
LABOR COST 

POWER CONSUMPTION 
REJECT PARTS 


For further information and demonstration write to 


Standard Too! Company, A. F. Cossette, Rep. 


Kavanagh Sales, Inc. 
507 Fith Avenue, New York, N. Y. 


New England 
Representatives 
Leominster, Mass. 


Fred C. Ziesenheim 
523 King Avenue 
Marion, Ohio 


Brett Machinery Co. 
1 North Pulaski Rd. 
Chicago 24, Ill. 


J. C. Austerberry’s Sons 
2921 E. Grand Bivd., Detroit 2, Mich. 


E. W. Maass 
Box 73, East Hampton, Conn. 


Omni Products Corp., Foreign Representatives 
460 Fourth Avenue, New York 16, New York 


BUILT BY 


STANDARD TOOL CO. 


214 HAMILTON STREET, LEOMINSTER, MASSACHUSETTS 
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AN IMPORTANT ADDITION TO THEIR ey, 
TEMPERATURE CONTROL LINE l W S 


Determination of Shear Stability of Non-Newtonian 
Liquids 
STP No, 182 September 1955 
12 pp, 6 x 9, Heavy Paper Cover, 75 cents 

This publication will be of value to those concerned 
with development or use of polymer liquids and of mech- 
anical devices in which those liquids are used. It deseribes 
several test procedures w hich are capable of giving com- 
parable results. It reports the data from a cooperative 
effort to develop a suitable test method for measuring 
shear stability of Non-Newtonian liquids. The test meth- 
ods studied included sonic vibrators, sharp-edged orifices, 
flow through a diesel fuel injector, and a pressure release 
valve. The two test liquids were made by blending poly- 
alkyl methacrylate polymers with a light petroleum base 
oil. Since the shear stability equipment subjected the oils 
to different rates of shear or severity, a direct comparison 
of the methods is not obvious. However, a comparison 
under conditions of equal severity shows that they do 


give identical results, leading to the conclusion that vari- 
ous test procedures could be used provided a reference 


MODEL 6007 

HIGH Temperature liquid is used to calibrate the equipment. 

ee The material of this report was prepared by N. D. 
Dual Oil CIRCULATING UNIT Lawson of E. I. du Pont de Nemours & Co., Inc., for 


Section B on Viscosity Methods—Non-Newtonian Liquids 


The Sterlco Model 6007 was developed to answer the need of of Research Division VII on Flow Properties of ASTM 
a temperature control unit which would assure steady, accurate Committee D-2 on Petroleum Products and Lubricants. 
high temperature control . . . and the Model 6007 does just 
that. This new Sterlco unit gives hair-line accuracy from 100° F. 
to 500° F. or higher. Its dual 12 KW heaters and circulating 
pumps can be used together or separately. delphia 3, Pa., at 75 cents per copy. 


Copies of the Paper in heavy paper covers may be ob- 
tained from ASTM Headquarters, 1916 Race St., Phila- 


Sterlco engineers are thoroughly acquainted with the procedures 
and problems in temperature control . . . this valuable experi- 


ence is available to you. Write us today! Non-Glass Reinforcement 


: 4 age 97 
REPRESENTATIVES IN PRINCIPAL CITIES (Continued from page 27) 
(three passes, 1'2 mil clearance) has been reported to en- 


INDUSTRIAL CONTROL DIVISION hance the flexural strength of laminates with “181” glass 

S$ T & ” L I N G, ] N fabric, 12 ply, by as much as 10°. The reason for this may 

° be seen in the fact that “Valron” increases the modulus of 

3732 N. HOLTON ST. MILWAUKEE 12, WIS. the resin, and thus brings about a closer matching of the 

Export: Omni Products Corporation, 460 Fourth Ave., New York 16, N. Y¥. moduli of the resin and glass, which in turn leads to a 


more favorable stress distribution under load, and thus to 
a better overall strength. 

The examples of non-glass reinforcements which have 
been discussed here are not all-inclusive but are illustrative 
of the advantages and disadvantages which must be con- 
sidered in promoting the wider use of such reinforce 
ments, Some of these materials have an overshadowing 
advantage for a specific application but for them to 
attain the same general acceptance as glass fiber, other 
related properties must be worked out to a corresponding 
degree. 

We are still at the early stages of the plastics field 
and cannot look for other reinforcements to replace glass 
on any appreciable scale in the near future. However, as 


markets increase, their technology, which has been lagging 
far behind that of glass fiber, is bound to catch up. As this 
happens, new applications will be brought into the range 


Mode! 6003 


Mode! 6012 


Single of general plastics technology to the benefit of all. 


Model 6002 Dual 
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Around the World 


(Continued from page 49) 


THE MUELHEIM POLYETHYLENE 
POLYMERIZATION PROCESS 
UNDER NORMAL PRESSURE — 
Ziegler 

Complete linearity distinguishes the 
Muelheim polyethylene produced un- 
der normal pressure from that made 
by ICI. This new polyethylene with 
molecular weights variable between 
10,000 and 3 million resembles super- 
polyamides and has already reached 
the strength of —super-polyamide 
threads. Normal pressure polyethylene 
has surpassed the qualities of high- 
pressure polyethylene in different  re- 
spects such as heat resistance. Pro 
duction methods for high and nor 
mal-pressure polyethylenes are de- 
scribed. 


PLASTICS AT THE ST. ERIKS 
FAIR AT STOCKHOLM AUGUST/ 
SEPTEMBER 1955 

A rather big assortment of applied 
plastics was exhibited by Swedish 
and foreign firms, nothing particular- 
ly new was noted, however. 


HIGH POLYMERS — Ottmar Leuchs 
This article represents a survey of 
those natural and artificial plastics 
designated as high polymers with an 
aim at showing the correlation be- 
tween the properties building up mole- 
cules and those building up materials. 
The molecular shape and intermole- 
cular forees are emphasized and it is 
proposed to use the term “thermo- 
plastics” for all plastics composed of 
chain molecules due to their mold- 
ability under heat, regardless of 
whether they retain their thermoplas- 
tic status and may be re-molded or 
harden or vuleanize and are converted 
into thermoelastics. A brief investi- 
gation of intermolecular forces is fol- 
lowed by a consideration of properties 
typical for high polymers such as 
plasticity, elongation, elasticity as 
well as the influence of inter-mole- 
cular forces on the softening tempera- 
ture, especially for thermoplastics 
carrying side-groups, The practical 
value of the given charts is augment 
ed by an alphabetical list of chemical 
designations and German trade-names. 
It is hoped that the contributions of 
this resume will be considered by in- 
ternational organizations seeking a 
clarification of these problems. 
ENDURANCE TESTS WITH FILL- 
ED POLYETHYLENE BOTTLES— 
Jules Pinsky 

This article on the resistance 
of polyethylene bottles temp- 
eratures between +32 167°F. 
against various fillings, mostly fluids, 
is abstracted from Modern Packaging. 
INSTALLATION OF INJECTION 
MOLDING PLANTS — M. E, Laeis 

Factors to be observed and de 
termined prior to installing an in 
jection molding plant are reviewed. 
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“THE BEST BY TEST” 
Developed by recognized Plastic Color Chem- @& 
ists .. . for Quick, Easy, On-the-Spot Coloring in " 
your plant for ALL THERMOPLASTICS. 


Gives the Most for the Least amount of expense. 3 

Crycol is a complete and thorough high quality color- c 

ing agent prepared and formulated by experts. c 

The unit package will definitely stop waste and costly 

errors in your plant. 4 

Standard colors delivered overnight. 
Special colors within five days. No surcharges. 

Drycol is available for re-coloring your scrap. 4 

Get on the band-wagon and put your operations on a 

a sounder, more profitable basis by using Drycol to # 

color all Thermoplastics 

( Color cards and valuable information on request ) 

SERVICE 

QUALITY 
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CLASSIFIED ADS 


HELP WANTED 
PLASTICS ENGINEER: Plastics 
Engineer for Research and de- 
velopment work—at least 3 years 
production or development experi- 
ence With polyester and = epoxy- 
reinforced plastics is necessary. 
Mechanical ability is more im- 
portant than knowledge of the 
chemistry of resins. Send resume 
of education and experience to 

Personnel Manager 
Johns-Manville Research Center 
Manville, New Jersey 


MOLD SHOP SUPERVISOR 

Man to supervise the building of injection and com- 
pression molds for plastics. Must be able to take com- 
plete charge of mold shop of 16 men, including training 
of apprentices. Shop located in Philadelphia, Pa. area. 
Should have design experience knowledge of plastics and 
molding, and mold room training. Excellent opportunity 
for growth and advancement for right man. Reply with 
full particulars. All replys strict confidence. Reply Box 
556, SPE Journal, 34 E. Putnam Avenue, Greenwich, 
Connecticut. 


Blueprint accuracy 
is yours 

when you use 
‘TRU-CAST’ 


BERYLLIUM COPPER 
MOLD COMPONENTS 


@ Fidelity Of Intricate Detail 

@ Uniform Hardness And Density 
@ Close Dimensional Tolerances 
@ Strength Plus Conductivity 


YOU CAN PROFIT by knowing all 
the facts. Use your company letterhead 
to request a FREE copy of the 48-page, 
illustrated “Tru-Cast’ Handbook — the 
first complete and authoritative produc- 
tion guide to pressure-cast beryllium 
copper cavities and cores. 


MANCO PRODUCTS, Inc. 


2403 Schaefer Road, Melvindale, Mich. « Tel. Detroit: WArwick 8-7411 


Sirty 


“Sales Engineer wanted by well established plastic 
fabricator; main plant situated in southeastern Ohio. 
This is an excellent opportunity with a progressive com- 
pany. Send resume with full details; strict confidence. 
Reply Box 456.” Society of Plastics Engineers, 34 E. 
Putnam Ave., Greenwich, Conn. 


Quality Control Engineer 

Excellent opportunity for young man about 24-28 
with engineering degree (preferably chemical) or equiv- 
alent. Must have supervision experience preferably in 
quality control, and must have sound knowiedge of basic 
fundamentals of statistical quality control. Here is an 
opportunity for a future with a young, aggressive and 
rapidly growing concern. Plant located in finger lakes 
region of western New York. Please submit complete 
resume to personnel dept. All inquiries will be held in 
strict confidence. Kordite Co., Div. of Textron American, 
Inc., Macedon, New York. 


Plastics Engineer 
Young man between 25 and 35 years for research 
and development work, some traveling. Please give educa- 
tion, experience, salary desired. Reply Box 656, Society of 
Plastics Engineers, 34 E. Putnam Ave., Greenwich, Conn. 


WANTED: INJECTION MOLD DESIGNER with two to 
three years’ experience and the ability to take advantage 
of the vast opportunities for advancement in our rapidly 
growing plastics division. He must be able to adapt present 
molds and create new ones of intricate and complex design, 
make minor design changes to permit the manufacture of 
items on existing equiment, calculate cavities per mold, 
operating speeds, finishing operations, design articles for 
injection molding, and handle product inquiries. He will in- 
struct, direct and check work of draftsmen. ME or two 
years of college training with ample experience, Write: 
DIRECTOR, SELECTION OF SPECIALIZED PERSON- 
NEL, OWENS-ILLINOIS, P. O. BOX 1035, TOLEDO 1, 
OHIO. 


FOR SALE: 32-ounce HPM Machine, new in 1950, in good 
operating condition, available for early delivery, Can be 
seen in operation in our plant in the middle west. Write 
Box 756, SPE Journal, 34 East Putnam Avenue, Greenwich, 
Connecticut. 


American Cyanamid Co. 62 
Celanese Corp. of America 10 and 11 
Detroit Mold Engineering Co. 6 
Dow Chemical Co. 3 
Durez Plastics Div., Hooker Electrochemical Co 56 
E. I. du Pont de Nemours and Co., Inc. 9 
E. I. du Pont de Nemours and Co., Inc., Pigments Div. 7 
The English Mica Co. 55 
Frank W. Egan & Co. 61 
Gering Products, Inc. 59 
Improved Machinery Corp. 2 
Injection Molders’ Supply Co. 53, 55 
Koppers, Inc. 42 
Manco Products, Inc. 60 
Monsanto Chemical Co. 8 
Newark Die Co. 12 
Sterling, Inc. 5S 
Standard Tool Co. 57 
U. S. Industrial Chemicals Co. 4 
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extruders by Egan 


From 2'' Thru 8'' with screw lengths of 16 or 20 Diameters. ¢ Hard corrosion 
9g 


resistant liners. ¢ Heavy duty thrust and radial bearings with 
force feed lubrication. ¢« Completely prewired temperature control cabinet. 
e Screw speed tachometer. ¢ Precision ground screws. 
¢ Large feed hopper with sight glass and cut-off slide. 


Complete installations for film, sheet, pipe, shapes. 


THE EGAN 8&8 EXTRUDER 


Delivery From 3 Weeks 


Our new plant in Somerville, N. J. 
with increased facilities enables us to 
offer prompt delivery on most 

sizes of extruders. 


Write or Phone Today For Complete Information—No Obligation. 


FRANK W. EGAN & COMPANY, Somerville, New Jersey 
Designers and Builders of Machinery for the Paper Converting and Plastics Industries 
Cable Address: “EGANCO'’— Somerville, Nier. 

4 Representatives: WEST COAST — John V. Roslund, 244 Pacific Bidg., Portland, Ore. 

FRANK W EGAN &CO. MEXICO, D. F. — M. H. Gottfried, Avenida 16 De Septiembre, No. 10. 


OMERVILLE.N 

Licensees: GREAT BRITAIN — Bone Bros. Wembley, Middlesex. FRANCE — Achord- 
Picard, Remy & Cie, 36 Rue d'Enghien Xe, Poris. ITALY— Emanvel & Ing. Leo Campcagnono, 
Vico Borromei 1 B/7, Milano. GERMANY— ER-WE- PA, Erkroth, bei Dusseldorf. 
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A reinfore 


a tote box!... 


you name it! 


In Canada: North American Cyanamid Limited, Toronto and Montreal 


ja a sailor, the new Atlantic sloop is a thing 
of beauty — reborn in glass-reinforced Laminac® 
Polyester Resin. But to an engineer, designer 

or plastics molder, it’s a shape. Just take away 
the mast and sails. You have a plastic hull — 
strong, leak-proof, resistant to salt water 
corrosion, practically maintenance-free. Now 
modify this shape or size a bit... and perhaps 
you have the answer to a problem of yours! 


When you’re thinking of shapes and materials, 
call Cyanamid. Here you'll find the largest 
available family of polyester resins, each meeting 
specific end-use demands, such as rigidity, 
flexibility, resistance to chemicals, fire and heat. 


WRITE TODAY for technical 
data on the Lamrinac® Polyester 
Resin most suitable for the 

product you have in mind. Just 
tell us the general nature of 
your projected end use. 


— CYANAMID 


AMERICAN CYANAM!ID COMPANY 
PLASTICS AND RESINS DIVISION 


32D Rockefeller Plaza, New York 20, N. Y. 


Regional Offices in: BOSTON... CHARLOTTE... CHICAGO... CLEVELAND...LOS ANGELES...NEW YORK 
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